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AUTHORIZED LIMITS REQUEST 
FOR SOLID WASTE DISPOSAL AT LANDFILL C-746-U 

AT THE PADUCAH GASEOUS DIFFUSION PLANT 

EXECUTIVE SUMMARY 

This document contains data and analyses to support the approval of authorized limits for 
the release of soil and debris wastes generated at the Paducah Gaseous Diffusion Plant (PGDP) at 
Paducah, Kentucky, for disposal at the C-746-U on-site landfill. The C-746-U landfill is owned 
by the U.S. Department of Energy (DOE) and operated by the Waste Operations organization of 
the Bechtel Jacobs Company LLC. Operation of the facility is regulated by DOE, the 
Commonwealth of Kentucky, and the U.S. Environmental Protection Agency (EPA) under the 
provisions of the Atomic Energy Act (AEA), Resource Conservation and Recovery Act (RCRA), 
Toxic Substances Control Act (TSCA), Department of Transportation (DOT) regulations, and the 
Kentucky Solid Waste Landfill Regulations (401 KAR 48). 

DOE requirements for release of non-real property, including solid waste, containing low 
levels of residual radioactive materials are specified in DOE Order 5400.5 and associated 
guidance contained in DOE Standard 5506-99. One of the specific requirements for disposal of 
solid waste at a DOE-owned, on-site landfill such as C-746-U is an evaluation to ensure that 
radiation doses to the public would be As Low As Reasonably Achievable (ALARA). The goal 
for the doses would be a few milli-rem/year (mremlyear), not to exceed 25 milli-rem/year. Other 
specific requirements for disposal is an evaluation of compliance with groundwater protection, 
and reasonable assurance that the proposed disposal is not likely to result in a future need for 
remediation of the landfill. 

Authorized limits proposed in this document would apply to the disposal of soil and 
debris wastes generated from construction, maintenance, environmental restoration, and 
decontamination and decommissioning activities at the PGDP at the C-746-U landfill. Initial 
application of the authorized limits will be towards soil and debris generated from the remedial 
action of the North-South Diversion Ditch (NSDD). This waste stream will contain low levels of 
residual radioactive materials, due to the presence of naturally occurring radionuclides and 
incidental contamination from site operations. The volume of waste to be disposed under the 
proposed authorized limits is approximately 11,795 m3 (11,795 cubic meters) for material from 
the NSDD with an estimated 5,000 m3 per year for the following years from other remediation 
efforts. This would encompass a period of approximately 7 years. Annual evaluations would be 
conducted by a Health Physicist to confirm that the characteristics of waste disposed at the 
facility during each year of operation are consistent with the assumptions used to derive these 
authorized limits. 

The potential radiation dose from management of the proposed PGDP soil and debris 
waste stream at the C-746-U landfill is estimated at approximately 2 rnremyear to an exposed 
worker at the C-746-U facility. And 0.008 mremyear to the maximally exposed member of the 
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off-site public during operation of the landfill. Detrimental impacts to groundwater quality 
would not be expected to result from the management of this waste stream at the C-746-U 
landfill, nor would any requirement for future remediation of the landfill due to the disposal of 
this waste be expected. Disposal of this waste stream at the C-746-U landfill also would result in 
cost savings of approximately $1-3 million per year, relative to off-site disposal alternatives. 
Savings on the NSDD project disposal costs alone would be over $2 million. 

The results of this analysis indicate that release of PGDP soil and debris wastes 
containing low levels of residual radioactive material for disposal at the C-746-U landfill would 
be fully protective of human health and the environment, and would meet all requirements of 
DOE Order 5400.5 and associated guidance. This waste management alternative would satisfy 
all applicable requirements and would be consistent with DOE’s policy to reduce radiation 
exposures As Low As Reasonably Achievable (ALARA). On this basis, DOE has determined 
that the residual radioactive materials in the proposed PGDP soil and debris waste stream do not 
require control under the AEA and can be safely managed at the C-746-U landfill. 



1. INTRODUCTION 

1.1 Purpose 

This document contains data and analyses to support the approval of authorized limits for 
the release of specified solid wastes generated at the Paducah Gaseous Diffusion Plant (PGDP) at 
Paducah, Kentucky, for disposal at the C-746-U on-site landfill. The C-746-U landfill is owned 
by the U.S. Department of Energy (DOE) and operated by the Waste Operations organization of 
the Bechtel Jacobs Company LLC. Operation of the facility is regulated by DOE, the 
Commonwealth of Kentucky, and the U.S. Environmental Protection Agency (EPA) under the 
provisions of the Atomic Energy Act (AEA), Resource Conservation and Recovery Act (RCRA), 
Toxic Substances Control Act (TSCA), Department of Transportation (DOT), and the Kentucky 
Solid Waste Landfill Regulations. The wastes proposed for disposal at the C-746-U landfill 
under this request include soils and debris that may contain low levels of residual radioactive 
materials, due to the presence of naturally occurring radionuclides and/or incidental 
contamination during site operations, that do not require control under the AEA. The initial 
waste stream to be considered for disposal in C-746-U landfill will come from the North-South 
Diversion Ditch (NSDD). 

1.2 DOE Requirements for Release of Non-Real Property 

U.S. Department of Energy (DOE) requirements for release of real (e.g., land and 
structures) and non-real property (e.g., waste) are specified in Chapters II and IV of DOE Order 
5400.5 (DOE 1993). Specific guidance on the release of non-real property, including wastes for 
disposal and items for reuse or recycle, is provided in a memorandum issued by the DOE Office 
of Environmental Policy and Assistance (EH-41) on November 17, 1995 (Attachment 1, DOE 
Standard 5506-99). This guidance includes specific requirements for disposal of DOE wastes at 
DOE-operated on-site landfills and non-DOE off-site landfills, which are not authorized for 
disposal of radioactive waste. 

In the case of DOE-owned on-site landfills, such as the C-746-U facility at PGDP, DOE 
has the responsibility and authority to establish limits for protection of the public and the 
environment, either in the form of radionuclide release criteria or waste acceptance criteria for 
disposal of materials in the landfill. Disposal of such material must meet the requirements of 
DOE Order 5400.5 and applicable portions of DOE Order 435.1. Authorized limits for material 
sent to a DOE on-site landfill, which is not an authorized low-level waste disposal facility must 
meet the following requirements: 

1. Authorized limits must be selected and approved by DOE on the basis of an assessment 
under the ALARA process to optimize the balance between risks and benefits. The 
assessment will include costs, and collective doses to ensure that individual doses to the 
public are less than 25 mremyear with a goal of a few mremyear or less. 

2. Authorized limits must be evaluated to ensure that groundwater will be protected in a 
manner consistent with the objectives of the site’s Groundwater Protection Program 
objectives (DOE Order 5400.1) and applicable Federal or State requirements. 
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3. Authorized limits must be evaluated to verify that the release of the landfill property 
would not be expected to require remediation under DOE Order 5400.5 requirements for 
release of property containing residual radioactive material. Consideration will be given 
to experience gained from past or ongoing CERCLA or R&4 cleanup actions [e.g., any 
radionuclide concentration limits established in CERCLA or RCRA records of decision at 
the site]. 

Additional guidance for coordination with facility operators and regulators was issued in 
a memorandum dated January 7, 1997 (Attachment 2, DOE Standard 5506-99) by the DOE 
Office of Waste Management (EM-37). The EM-37 guidance reconfirmed that the EH-41 
guidance may be used for the release of hazardous waste to permitted Treatment, Storage, and 
Disposal (TSD) facilities. 

1.3 Site Location and Background 

The Paducah Gaseous Diffusion Plant is an operating DOE facility located in 
northwestern Kentucky in McCracken County, approximately 10 miles west of Paducah, 
Kentucky, and 4 miles south of the Ohio River. The facility produces enriched uranium for use 
in commercial nuclear power reactors. The enrichment process involves conversion of uranium 
hexaflouride (IJFh) to compressed gas, which is processed through a long series of diffusion 
stages. Enrichment operations at PGDP increase the amount of the radioisotope 235U in the 
process material from the natural abundance of about 0.7 percent to approximately 3 percent (by 
mass). 

The PGDP was constructed from 195 1 to 1954, and began uranium production operations 
in 1952. The Union Carbide Corporation operated the facility until 1984. Martin Marietta 
Energy Systems, Inc. (later Lockheed Martin Energy Systems, Inc.) then operated the facility 
from 1984 to 1993 under contract to DOE. In July 1993, the United States Enrichment 
Corporation (IJSEC), which was created by the U.S. Congress through the Energy Policy Act of 
1992, leased uranium enrichment production facilities from DOE and became responsible for 
production of enriched uranium. USEC was privatized as an investor-owned corporation through 
an initial public offering in 1998 to be more competitive in the global market for enriched 
uranium. USEC contracted Lockheed Martin Utility Services, Inc., to operate the PGDP prior to 
May 1999, when USEC took over direct operation of all uranium enrichment operations at the 
plant. 

DOE maintains ownership of the PGDP site, and is responsible for environmental 
restoration and DOE legacy waste management activities. In 1998, DOE contracted Bechtel 
Jacobs Company LLC as its management and integration (M&I) contractor responsible for 
directing its environmental management and enrichment facilities program at PGDP. Regulatory 
oversight of the USEC uranium enrichment operations was transferred from DOE to the Nuclear 
Regulatory Commission (NRC) in 1997, based on a certificate of compliance under 10 CFR 76 
issued in November 1996. 

The C-746-U landfill was constructed in 1995 for disposal of solid wastes not regulated 
as hazardous materials under RCR4 or TSCA regulations. The landfill is located north of the 
PGDP main plant area and is permitted by the Commonwealth of Kentucky in accordance with 



the requirements of Kentucky solid waste regulations (401 KAR 48, Standards far SoEid Waste 
Facilities) and Subtitle D of RCRA. Wastes that may be acceptable for disposal at the C-746-U 
facility include soils, wood, concrete, roofing and construction debris, and other non-hazardous 
sanitary and industrial wastes [e.g., paper, fly ash, medical waste, asbestos, cardboard, tires, 
animal carcasses, detectable PCB (<50 ppm) waste, personal protective equipment, plastic, 
alkaline batteries, metals]. The facility is not approved for disposal of RCRA or TSCA regulated 
hazardous wastes nor low-level radioactive waste. However, some wastes that may be 
considered for disposal at this facility may contain residual levels of radioactive material from 
the presence of naturally-occurring radionuclides or incidental contamination from site 
operations. This document has been developed to support the approval of authorized limits for 
such materials. 

1.4 Benefit of Disposal at the C-746-U Landfill 

Disposal of PGDP soil and debris wastes containing low levels of residual radioactive 
materials at the C-746-U landfill would provide significant cost savings, relative to other 
currently available disposal alternatives. Much of the soil and debris waste generated at PGDP 
may contain low levels of radioactive materials due to the presence of naturally occurring 
radionuclides, such as uranium or thorium, or due to incidental contamination from site 
operations. Off-site disposal of these materials as low-level radioactive waste would incur 
significantly greater costs, without providing commensurate reduction in risks to human health or 
the environment or other benefits. The results of this analysis indicate that the disposal of these 
materials at the C-746-U landfill would be protective of human health and the environment, 
while providing significant cost savings (approximately $ l,OOO,OOO to $3,000,000 per year) and 
immediate disposal capacity for this waste. 

2. WASTE STREAM CHAkACTERIZATION 

Large volumes of soil and debris are generated from construction, maintenance, 
environmental restoration, and decontamination and decommissioning (D&D) activities at the 
PGDP. The C-746-U landfill may provide a cost-effective and protective alternative for disposal 
of such wastes. Debris may include construction or demolition rubble, as well as ancillary 
materials that may be associated with a remediation project and that meet the waste acceptance 
criteria (WAC) for the facility (e.g., asbestos wastes, personal protective equipment and 
clothing, paper, plastic, roofing materials). Waste acceptance criteria for the C-746-U landfill are 
specified in Section 7.4 of the document Waste Acceptance Criteria for the Department of 
Energy Treatment, Storage, and Disposal Units at the Paducah Gaseous DQj%sion Plant, 
Paducah, Kentucky (BJC 1999). 

Soil and debris wastes at PGDP may contain low levels of residual radioactive materials, 
either due to the presence of naturally occurring radionuclides, such as uranium and thorium, in 
these materials or due to incidental contamination from site operations. The potential radiation 
dose to site workers and the public from management of such incidentally contaminated waste is 
estimated to be very low, as discussed in Section 5. Based on this analysis, DOE proposes to 
establish authorized limits for disposal of this soil and debris waste stream at the C-746-U 
landfill. Such authorized limits would supercede the current facility operating limit of 30 pCi/g 
total uranium, which is currently specified in the facility’s waste acceptance criteria, but has not 
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been formally approved as an authorized limit. Authorized limits for future waste streams will 
be evaluated by a DOE Health Physicist on a case-by-case basis. An inventory of materials will 
be maintained at both the Site Office and the C-746-U Landfill Site. The total inventory of 
materials disposed of under the Authorized Limits will be evaluated on an annual basis. 

The primary radioactive material encountered in soil and debris wastes at PGDP is 
uranium, including the radioisotopes Uranium-234 (“‘“U), Uranium-235 (235U), and Uranium- 
238 (238U). Wastes at the PGDP may contain uranium with various degrees of enrichment in the 
radioisotope 235U, ranging from depleted uranium to slightly enriched uranium. For the purpose 
of the radiological assessment presented here, uranium isotopes are assumed to be present at their 
natural isotopic abundance relative to the total uranium concentration (i.e., neither enriched nor 
depleted in the concentration of 235U relative to 238U and 234U). Estimates of the potential 
radiation dose or environmental impact from this waste stream are not highly sensitive to 
uncertainty in the relative distribution of uranium isotopes, since dose conversion factors for the 
ingestion and inhalation pathways are virtually identical for all three isotopes (EPA 1988). In 
addition to uranium, Technetium-99 e9Tc) and trace amounts of other radionuclides have been 
found historically to be associated with wastes from uranium enrichment operations at PGDP. 
Such trace radionuclides include the transuranic radionuclides Neptunium-237 (237Np), 
Plutonium-238 (238Pu), Plutonium-239 and Plutonium-240 (239/240Pu), and Americium-241 
(241Am); fission products such as Cesium-137 (137Cs); and radioisotopes of thorium, primarily 
Thorium-230 (230Th). 

Proposed authorized limits for the radionuclides of concern in PGDP soil and debris are 
summarized in Table 1. The authorized limit for total uranium is proposed at 150 pico- 
Curies/gram (150 pCi/g). This proposed concentration limit is consistent with limits for disposal 
of Naturally Occurring Radioactive Materials (NORM) in many RCRA Subtitle D landfills. 
While there are no Federal regulations pertaining to disposal of NORM waste, several states have 
established regulatory programs for these materials. Most of these state regulations specify 
activity concentration limits of either 5 or 30 pCi/g (50 pCi/g in Michigan) for radium and 150 
pCi/g for uranium and other natural occurring radionuclides. Kentucky has not established such 
regulations for natural occurring radionuclides. DOE has the authority to regulate radioactive 
materials that meet the requirements for disposal in an on-site landfill. This information helps 
provide perspective for the proposed authorized limit value. For the purpose of this analysis, the 
total uranium activity is assumed to be composed of approximately 49% 234U (73.3 pCi/g), 2% 
235U (3.4 pCi/g) and 49% 238 U (73.3 pCi/g), consistent with the relative isotopic abundance of 
these isotopes in natural uranium. The results of this analysis are not highly sensitive to the 
isotopic distribution of uranium. 

Proposed authorized limits for other radionuclides are set at 3 pCi/g for transuranic 
radionuclides (237Np, 238Pu, 239’240Pu, and 241Am) and 13’Cs, 15 pCi/g for thorium (230Th and 
232Th combined), and 500 pCi/g for 99Tc. The proposed limits for 237Np, 238Pu, 239’240Pu, and 
24’Am (3 pCi/g) are consistent with American National Standards Institute/Health Physics 
Society (ANSVHPS) Standard Nl3.12-1999, Surface and Volume Radioactivity Standards for 
Clearance (HPS 1999). The limits proposed in this document will be for “expected or median” 
values. Under normal landfill operations and the Kentucky permit, some mixing of residual 
radioactive material at levels higher than the authorized limits with non-radioactive materials is 
allowed. This means verification sampling will be required prior to materials being allowed 



disposal under the authorized limits. This standard specifies screening levels derived to limit the 
Total Effective Dose Equivalent (TEDE) from recycle, reuse, or disposal of released materials to 
1 mrem/year to the public. This same value of 3 pCi/g is also proposed for 13’Cs, even though 
Standard N13.12 recommends a screening level ten-times higher (30 pCi/g) for this radionuclide. 
The 15 pCi/g value for thorium isotopes is based on the guidelines specified in DOE Order 
5400.5, Chapter IV for thorium and radium in subsurface soils for unrestricted release. The 
proposed limit for 99Tc is set at 500 pCi/g, based on a drinking water pathway used under a worst 
case exposure scenario. The 99Tc value is only a fraction of the value of 3000 pCi/g specified in 
the ANSI Standard N 13.12 for this radionuclide. 

The proposed authorized limits are specified in terms of the expected or median 
concentration of each radionuclide of concern, including any contributions from background 
sources. Background concentrations of uranium in soil and rock in the Paducah area range from 
approximately 2 to 9 pCi/g (ORISE 1992). The DOE Risk Assessment Information System 
(RAIS 2000) specifies the background concentration for radionuclides in near-surface soils at the 
Paducah Gaseous Diffusion Plant (PGDP). The background concentration for 238U is 1.2 pCi/g, 
0.14 pCi/g for 235U, 2.5 pCi/g for 234 U, 2.5 pCi/g for 99T~, 1.5 pCi/g for radioisotopes of thorium 
and radium, 0.49 pCi/g for 137Cs, 0.1 pCi/g for 237Np, 0.073 pCi/g for 238Pu, and 0.025 pCi/g for 
239Pu. Several of these radionuclides, such as the transuranic isotopes and 13’Cs are not naturally 
occurring, but are present as background contaminants as a result of atmospheric fallout from 
historical nuclear weapons testing activities and other sources. 

Table 1. Proposed Maximum Authorized Limits for PGDP Soil and Debris 

I Disposal at the C-746-U Landfill 
Radionuclide Concentration * Inventory ** 

(pCi/g) (Ci) 
Total Uranium 150 2.5 
*** 

Technetium-99 500 8.3 

Thorium **** 15 0.3 

Neptunium-237 3 0.05 

Plutonium-23 8 3 0.05 II 
II 

I 
Plutonium- 3 I 0.05 II 
2391240 
Americium-24 1 3 0.05 

It 

I I 

Cesium-137 3 0.05 II 

* Including background concentrations of each radionuclide. 
** Based on a speculative initial disposal volume of 11,795 m3 of material from 
the NSDD (average waste density of 1400 kg/m3 for soil). 
*** Assumes isotopic abundance of natural uranium (-49% each 234U and 
23*u, 2% 235u). 
**** Total value for 230Th and 232Th; 230Th will be predominant. 



Table 1 also presents the total activity inventory (Curies) of each radionuclide estimated 
to be disposed at the C-746-U landfill for the first year. These estimates are based on an initial 
disposal volume of 11,795 m3. An annual waste disposal rate of 5000 m3 is expected the second 
through seventh years. The amount of material (11,795 m3) to be disposed of for the first year 
will be from the North-South Diversion Ditch remediation project. Table 2 gives the maximum, 
expected or median, and average detected concentrations of radionuclides found in the NSDD. 
The analysis presented in Section 5 evaluates the potential annual dose to site workers from 
management of this waste. The potential dose to workers and the public (post closure of the 
landfill) from the cumulative radionuclide inventory disposed at the facility is also evaluated 
using Residual Radiation (RESRAD) computer modeling code, with the assumption of a total of 
41,795 m3 (54,668 yd3). This cumulative waste volume is based on a minimum mixing ratio of 
1: 1 of waste and clean cover materials within the landfill (Lee et al. 1995), consistent with 
facility operating procedures for daily cover. The estimated waste generation will occur over a 
period of 7 years. 

Table 2. Maximum, Average, and Expected Detected Concentrations of Radionuclides 

Total Uranium ** 365.6 11.3 5.3 0.1 

Technetium-99 4,840.O 148.0 13.2 0.2 

Thorium *** 1300.0 73.0 2.1 0.04 

Neptunium-23 7 63.0 3.0 0.1 0.002 

0.0 0.0 0.0 0.0 

11.3 0.5 0.03 0.0005 

11.1 0.4 0.1 0.002 

* Values taken from Table 2 (Appendix A, Attachment l), and Table 1 (Appendix A, 
Attachment 4), Sampling Plan for the Remedial Action for Sections I and 2 of the 
North-South Diversion Ditch to Address Near-Surface Soil Contamination at the 
PGDP, October 2002. 
** Assumes isotopic abundance of natural uranium (-49% each 234U and 238U, 2% 
235u). 
*** Cumulative value for 230Th and 232Th; 230Th is expected to be predominant 
**** Expected inventory is from the NSDD waste stream and does not include the 
speculative inventory for the remaining 6 years of operation. Inventories will be 
tracked for each waste stream from each project, also a total inventory that includes 
all waste streams (see Table 1). 
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For the remaining 6 years, 5000 m3 of residual radioactive material will be placed in the 
landfill. Each year the annual inventory of residual radioactive debris will be evaluated to 
maintain the public dose rate at or below 1 rnremyr. Annual evaluations will be performed by a 
DOE Health Physicist to confirm that the characteristics of waste disposed at the C-746-U 
landfill during each year of operation are consistent with the assumptions of the analysis used to 
derive the proposed authorized limits. These evaluations will include comparison of the 
concentration of residual radioactive materials in each disposed waste stream to the authorized 
limit values, and calculation of the cumulative inventory of residual radioactive materials placed 
in the landfill to date. Supplemental analyses may be developed to request any change in the 
authorized limit values or duration, as necessary. In addition, different authorized limits for other 
waste streams may be proposed in the future on a case-by-case basis. 

Wastes containerized in drums and bulk wastes are acceptable for disposal at the C-746- 
U landfill. Waste packaged in boxes (e.g., B-12, B-25. ST-90,7A Type A) is not acceptable for 
disposal. Approximately 70% of waste disposed at the facility to date have been in bulk form, 
and only 30% have been containerized. A similar ratio of bulk and containerized waste is 
anticipated in the f&n-e. 

Office trash and other non-radioactive sanitary wastes (i.e., “dumpster” waste) from non- 
radioactive material areas are not sent to the C-746-U landfill, but are sent to an off-site 
commercial, sanitary waste disposal facility. “Non-dumpster” sanitary waste also may be 
acceptable, when coordinated with the Landfill Manager/Operator through the processing of a 
“Landfill Waste Certification Package”. 

As noted above, wastes containing hazardous materials or characteristics regulated under 
RCRA Subtitle C or TSCA are prohibited from disposal at the C-746-U landfill; such wastes are 
sent to appropriately permitted off-site disposal facilities. In addition, wastes classified as low- 
level radioactive waste (i.e., wastes containing residual radioactive materials in excess of 
approved authorized limits) are prohibited from disposal at the C-746-U landfill, and will 
continue to be shipped to an approved off-site facility (e.g., Hanford, Envirocare) for disposal. 
Items specifically prohibited from disposal at this facility include, but are not limited to: batteries 
(mercury, silver, nickel-cadmium, lead-acid), bulky metal objects (desks, filing cabinets, etc.), 
circuit boards, classified waste, light bulbs (all types except non-hazardous “green-end” 
fluorescent), and waste containing free liquids. 

Wastes received at the C-746-U landfill for disposal must be accompanied by appropriate 
documentation of compliance with waste acceptance criteria. Documentation will include a copy 
of a memo from the DOE Health Physicist confirming that material meets the criteria for the 
authorized limits, and a memo from the Bechtel Jacobs lead Health Physicist indicating that the 
material is either “rad” or “non-rad” added waste. All material identified as “rad-added” will 
then be evaluated by the DOE Health Physicist to determine if the material meets the 
requirements of the authorization limits. 
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3. C-746-U LANDFILL DESCRIPTION 

The C-746-U landfill began operation in 1997 for disposal of solid wastes not regulated 
as hazardous materials under RCRA or TSCA regulations. The landfill is permitted by the 
Commonwealth of Kentucky under Title 401 of the Kentucky Annotated Rules, Solid Waste 
LandJill Regulations (401 KAR), in accordance with the requirements of Subtitle D of the 
Resource Conservation and Recovery Act (Solid Waste Landfill Permit #073-00045, November 
4, 1996). 

The PGDP includes a 750-acre fenced area within a 3400-acre federal reservation located 
about 10 miles west of the city of Paducah, Kentucky, and 4 miles south of the Ohio River. The 
C-746-U landfill is located near the northern boundary of the PGDP, approximately 2 miles 
southwest of the Ohio River (see Figure 1). The landfill site covers a total permitted area of 
approximately 59 acres, of which 22 acres is currently designated to be developed for waste 
disposal, with a potential disposal capacity of approximately 1,500,OOO yd3 (1,200,OOO 
m3)(Figure 2). Construction of the facility and emplacement of wastes is being conducted in 
multiple phases, proceeding from the southern end of the facility toward the northern end. 

The ground surface elevation of the landfill site is approximately 360 to 370 feet above 
mean sea level, and about 60 feet above the average pool of the Ohio River near PGDP. Loess 
and continental deposits underlie alluvium soils in the PGDP area. A major hydrogeologic 
feature near the PGDP is the regional gravel aquifer (RGA), located in the lower continental 
deposits, which is the major aquifer in the area. The RGA is recharged by infiltration of 
precipitation through the shallow sand and upper clay layers, and ultimately discharges to the 
Ohio River. Average annual precipitation at Paducah, Kentucky is approximately 46 inches. 
Groundwater from the RGA is not currently utilized for domestic use or other purposes down 
gradient (north) from the PGDP. Groundwater contamination down gradient from the site was 
identified in 1988, and a community water line was extended to residents with contaminated 
wells to provide a long-term water supply. 

The PGDP is located within the drainage areas of Big Bayou Creek and Little Bayou 
Creek, which meet about 3.5 miles north of the site and discharge into the Ohio River. Effluents 
from PGDP operations contribute approximately 85% of the normal flow in Big Bayou Creek 
and up to 100% of the normal flow in Little Bayou Creek (Kornegay et al. 1991). Both the Big 
Bayou Creek and Little Bayou Creek watersheds are predominantly rural in nature, with 
population densities on the order of 100 persons per square mile. No domestic, commercial, or 
industrial water withdrawals are known from either creek. 

The C-746-U landfill can accept a variety of solid wastes, including soils, wood, concrete, 
roofing and construction debris, and other nonhazardous sanitary and industrial wastes. Waste 
acceptance criteria (WAC) for the facility are documented in Waste Acceptance Criteria for the 
Department of Energy Treatment, Storage, and Disposal Units at the Paducah Gaseous 



Figure 1. Location of the C-746-U Landfill at the PGDP 
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Figure 2. C-746-U Landfill 
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Diffusion Plant, Paducah, Kentucky (BJC 1999). The WAC includes an operating limit of 30 
pCi/g for total uranium - i.e., for all waste materials. The presence of radioactive materials 
cannot be excluded based on process knowledge, analysis must be performed to demonstrate that 
total uranium concentrations do not exceed 30 pCi/g and that other potential radionuclides of 
concern are not present at elevated concentrations. The proposed authorized limits would 
supercede the current facility operational limit. Wastes with concentrations of radioactive 
materials above these criteria must be managed as Low Level Radioactive Waste (LLRW) in 
accordance with applicable regulations and DOE directives. A sample checklist used by landfill 
personnel to verify that appropriate documentation of compliance with waste acceptance criteria 
is submitted with all wastes received at the facility for disposal. 

Design features of the C-746-U landfill meet all applicable technical specifications under 
RCRA Subpart D and 401 KAR 48, including composite liner and leachate management systems 
designed to prevent migration of contaminants from the unit. Approximately five acres of a 
contained landfill liner was constructed. The liner was constructed in accordance with the 
Kentucky regulations for solid waste landfills (401 KAR 48) and consisted of the following 
components: 

1. 

2. 

3. 

4. 

5. 

6. 

7. Another layer of Geotextile fabric. 

8. Gravel cushion layer made with 12-in. non-carbonate stone with a permeability greater 
than 0.001 cmsec. 

9. 

10. 

Unstable sub-grade in Phases One and Two was remediated by over-excavating to a depth 
of five feet, placing woven geotextile fabric, two to three feet of limestone road base 
material, and two to three feet of structural backfill. Unstable sub-grade in Phases Three, 
Four and Five was remediated by overbuilding the design sub-grade by placing woven 
geotextile fabric, two feet of limestone road base material, and one foot of structural 
backfill. The phase-divider line between Phases Two and Three was over-excavated to 
provide a stable bearing surface for the road base material. 

The sub-grade was proof rolled with a lOO,OOO-lb loader scraper. 

Placement of three foot thick clay with 1 xl O-’ cm/set maximum hydraulic conductivity. 

High Density Poly-Ethylene (HDPE) membrane liner (80-mils thick). 

Use of sewn Geotextile fabric (16-0~). 

Leachate collection and drainage layer, 12-in. non-carbonate stone with 8-in. HDPE 
leachate collection pipe. 

An operational soil cover with a variable thickness of 3-5 ft. 

Hydro-seed mixture and soil stabilization fabric. 



The proposed closure cap for the C-746-U landfill consists of, in ascending order, the following 
components: 

1. Double composite geonet gas vent layer equivalent to a 12-inch sand layer with a 
minimum permeability of 1x1 Oe3 cm/set. 

2. Compacted sacrificial soil layer. 

3. Clay cap with a maximum permeability of 1x1 O-’ cmsec and a thickness of 6 inches. 

4. A 40-mils geomembrane. 

5. A layer of filter fabric. 

6. A minimum of 36 inches of revegetative soil. 

The structural integrity of the cap is designed to exceed the minimum factor of safety specified in 
40 1 KAR 48:080. 

Facility operations are regulated by the Kentucky Department for Environmental 
Protection-Division of Solid Waste (for nonradiological requirements) and DOE (for radiological 
requirements). Closure and post-closure care requirements are designed to ensure the 
containment of waste materials disposed in the facility, including long-term surveillance and 
monitoring. 
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4. NORTH-SOUTH DIVERSION DITCH (NSDD) DESCRIPTION 

The entire NSDD is located on property owned by DOE. The NSDD originates within 
the north-central portion of PGDP and discharges into Little Bayou Creek to the north of the 
plant. Little Bayou Creek originates within the West Kentucky Wildlife Management Area, 
south of PGDP, and flows northward to the Ohio River. Little Bayou Creek is intermittent in its 
upper reaches, becoming perennial down-gradient of its confluence with Out-fall 10, a 
continuous flow out-fall from PGDP. The southern part of the ditch is located within the plant 
security-fenced area, which is part of Solid Waste Management Unit 59 (SWMU 59). The 
northern part of the ditch is located outside the fenced area, and is part of SWMU 58. 

The portion of the NSDD within the security-fenced area (SWMU 59) is approximately 
793 m (2,600 ft) long (Fig. 3). This portion of the ditch varies in width from approximately 2.5 
to 3.1 m (8 to 10 fi), and the depth ranges from approximately 0.2 to 1.5 m (0.5 to 5 ft). Inside 
the plant security fence, the ditch flows from Virginia Avenue north, beyond the C-616-C Lift 
Station, to the plant fence. Inside the security-fenced area, the NSDD is vegetated with grasses 
and is posted for radiological contamination [pursuant to Title 10 Code of Federal Regulations 
(CFR) 835 requirements]. 

The portion of the NSDD outside the security-fenced area (SWMU 58) is approximately 
2,562 m (8,400 ft) long (Fig. 4). This portion of the ditch varies in width from approximately 4.6 
to 11 m (15 to 36 ft), and the depth ranges from approximately 1.5 to 4.6 m (5 to 15 ft). The 
banks of the NSDD outside of the security-fenced area are vegetated with grasses, brush, and 
trees along some sections of the ditch. Approximately 900 m (3,000 ft) of the NSDD (i.e., that 
portion nearest to Little Bayou Creek) fall within the 500-year floodplain of Little Bayou Creek, 
and some portions of this segment fall within the loo-year floodplain. The final segment of the 
NSDD, downstream of the C-746-U Landfill access road, is a natural, relatively unmodified 
stream channel. Stream flow in this channel is intermittent in the southernmost reaches, but 
becomes perennial as it approaches Little Bayou Creek. Upstream of the C-746-U Landfill access 
road, the NSDD is channeled and bordered by mown grasses, except for a short wooded segment 
immediately downstream of the security fence. The NSDD outside of the security-fenced area is 
also posted for radiological contamination (pursuant to Title 10 CFR 835 requirements). 

13 

\ 4 



+----+ / 

CABION -i--a- 

/c 

7 SILT TRAPT-/ 

-C-616-H 
LIFT STATION II 

-5wrl -!xcQ 4m 

LEGEND: 

cv -E 

# N9W SECTION 1 

A/RQAD 

/v NSDD SECTION 2 

0 FRclLilY 
#-$r: BY-PASSED NORTH-SCWH DITCH 

LlFl STATION 
/y 

A 

Fe. 4. seeticlar of tk Nsrtkath Diversion Ditch inside 
the security-kmced arem and vicimity. 1 

IEPARTMENT OF ENERGY 
raEohKRm3EDPERhnoNs 

Figure 3. Portion of North-South Diversion Ditch in the Security-Fenced Area 

14 



This page contains 
Official Use Only (OUO) Information. 

Contact the 
Document Management Center to 

obtain a copy of this page. 



5. RELEASE REQUIREMENTS 

DOE procedures for release of real or non-real property include the determination of 
appropriate authorized limits and radiation survey/analysis to ensure that materials being released 
are below these authorized limits. For the release of materials for disposal in a DOE on-site 
landfill, which is not an authorized low-level waste disposal facility, the authorized limits must 
be (Attachment 2, DOE Standard 5506-99): 

1. Selected and approved by DOE on the basis of an assessment under the ALAR4 process. 
The process will optimize the balance between risks and benefits including costs and 
collective doses. The process will also ensure that individual doses to the public are less 
than 25 mremyear with a goal of a few mremyear or less. 

2. Evaluated to ensure that groundwater will be protected in a manner consistent with the 
objectives of the site’s Groundwater Protection Program objectives (DOE Order 5400.1) 
and applicable Federal or State requirements. 

3. Evaluated to verify that the release of the landfill property would not be expected to 
require remediation under DOE Order 5400.5 requirements for release of property 
containing residual radioactive material, giving due consideration to experience gained 
from past or ongoing CERCLA or RCRA cleanup actions. 

The following sections demonstrate compliance with each of the requirements listed 
above. Based on the successful completion of these requirements, the proposed PGDP soil and 
debris waste stream is proposed for disposal at the C-746-U landfill. 

5.1 Dose Assessment 

Estimates of the potential radiation dose that could result from the disposal of PGDP soil 
and debris at the C-746-U landfill were developed by two methods: 

1. The annual dose to hypothetical workers involved in the disposal of the proposed waste 
stream at the C-746-U landfill was estimated using the TSD-DOSE computer code 
(Version 2.22, Pfingston et al. 1998) which has been developed specifically for this 
purpose. Disposal facility workers considered to be at greatest risk of exposure to 
radioactive materials during the active disposal of the proposed waste stream include 
personnel involved in transfer of the waste from staging or generation areas at PGDP, 
placement of waste in the C-746-U disposal cell, and leachate collection operations. 

2. Estimates of dose to hypothetical future workers at the disposal facility following closure 
and other potential future occupants of the site were developed using the RESRAD 
computer code (Version 6.21, Yu et al., 2002), based on the cumulative inventory of 
radioactive materials disposed at the facility. 

The TSD-DOSE computer code was developed on the basis of detailed radiological 
assessments performed for eight commercial hazardous waste treatment, storage and disposal 
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(TSD) facilities. The model is designed to incorporate waste and site specific data to estimate 
potential radiological doses to on-site workers and the off-site public from management of waste 
containing very low levels of radioactive materials at a TSD facility. 

On-site landfill workers will have radiological occupational training. Landfill workers will be 
required to complete General Employee Training (GET), Radworker II training, be enrolled in 
the DOE bioassay program, and take part in the DOE dosimetry program. A landfill worker 
meeting these requirements will be subject to Title 10, Code of Federal Regulations Part 835, 
Occupational Radiation Protection. 

Input parameters for the TSD-DOSE model were adjusted to more closely approximate 
the site-specific circumstances at the C-746-U landfill. Input parameters for “maximum 
concentration” and “expected concentration” for radio-nuclides were evaluated. Potential 
receptors and waste processing operations considered in the TSD-DOSE code that are most 
applicable to the C-746-U landfill operations include: 

1. Waste receiving and sampling workers - The waste receiving and sampling operation 
involves the activities associated with receiving the waste at the TSD facility, including 
weighing the vehicle; checking the manifest; and unloading, sampling and transporting 
the waste to a storage area. Since the waste stream considered in this analysis is 
generated from on-site sources at PGDP, only a portion of these activities would be 
potentially applicable, e.g., inspecting and weighing vehicles, and sampling of incoming 
waste. 

2. Storage (liquid waste) - The liquid waste storage-worker scenario in the TSD-DOSE code 
is taken to represent the leachate collection worker, responsible for collection and 
disposal of any leachate generated in the landfill. This scenario is evaluated via a 
separate execution of the TSD-DOSE code for ti liquid waste stream. The resulting 
estimates of dose to the leachate collection worker are highly conservative, since the 
entire inventory of radioactivity received annually at the landfill is assumed to reach the 
leachate collection tanks. 

3. On-site landfill workers - The on-site landfill operation includes activities leading to 
burial of the waste or residues from incineration in an on-site landfill. This operation is 
assumed to consist of four steps; unloading waste from a dump truck to a mixing pit for 
stabilization, mixing the waste with stabilization agents, loading the stabilized waste into 
a truck and transporting it to the on-site landfill, and unloading the stabilized waste into 
the on-site landfill. No stabilization or treatment of the incoming soil and debris waste 
will be performed at the C-746-U landfill. The first operation (unloading waste into a 
mixing pit) is retained in order to evaluate the potential dose to landfill workers from 
inhalation of dust generated during waste placement in the landfill, since TSD-DOSE 
assumes no dust generation during placement of stabilized waste into the landfill. It is 
assumed that the workers will be involved in disposal of the entire volume of waste 
stream during each year of operation 
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Potential receptors and waste processing operations considered in the TSD-DOSE code that are 
not applicable to the C-746-U landfill operations include the following: 

1. Waste transportation - drivers involved in transporting waste from the site of generation 
to a distant off-site TSD facility by flatbed truck. Local transportation from the site of 
generation to the C-746-U landfill is addressed under the landfill worker scenario. 

2. Storage before processing - workers involved in storage of contained waste prior to 
incineration or burial. Not applicable, because this soil and debris waste stream would be 
placed directly into the disposal cell on receipt without interim storage or staging, (As 
noted above, the liquid waste storage worker is used to represent leachate collection 
workers.) 

3. Incineration - workers involved in incineration of the waste stream. Not applicable since 
no incineration of the proposed waste stream is considered. 

4. Transport to an off-site landfill - workers involved in transporting incineration residues to 
an off-site landfill. Not applicable since no incineration of the proposed waste stream is 
considered. 

5. Incinerator maintenance - workers involved in removal of plateout from inside the 
incinerator kiln. Not applicable since no incineration of the proposed waste stream is 
considered. 

Key input parameter values assumed for these analyses are summarized in Appendix A. 

Results of the TSD-DOSE analysis for disposal of soil and debris at the C-746-U landfill 
are summarized in Table 3, and output from TSD-DOSE is presented in Appendix A. 
Hypothetical maximally exposed workers involved in receipt and sampling of incoming waste 
and in placement of wastes in the landfill were estimated to receive potential doses of 
approximately 0.87 and 2.1 rnremyear, respectively. The estimated dose to the leachate 
collection worker is 1.1 mrem/yr. In each worker scenario, the same hypothetical individual is 
conservatively assumed to be involved in managing the entire inventory of waste received at the 
facility, and the entire waste volume is assumed to contain each radionuclide at the proposed 
authorized limit concentration. The potential radiation dose to a maximally exposed member of 
the off-site public is much lower, at 0.008 rnremlyr. Using “expected” values for the nuclides 
yields 0.1 mremyear for the landfill worker, 0.045 mremyear for the leachate collection worker, 
and 0.0004 mremyear to the off-site public. These estimates are far below the primary DOE 
dose limit of 100 mremyear, the limit of 25 mremyear specified for release of materials for 
disposal at a DOE on-site landfill (Attachment 2, DOE Standard 5506-99) and the goal of “a few 
mrendyear or less.” 
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Table 3. Estimates of Radiation Dose to Hypothetical Workers 
During Active Disposal Period Using the TSD-DOSE Computer Code 

Dose to Hypothetical Worker 
(Maximum Total Effective Dose 

ypothetical Worker 
Total Effective Dose 

To the extent practicable, this assessment has been tailored to the site-specific features 
and operating practices of the C-746-U landfill. However, the analysis still requires many 
assumptions regarding the interaction of workers with waste materials, and many of these 
parameters have been developed through detailed time and motion studies. Key assumptions 
include the size and shape of the radioactive materials, distance from the worker, shielding 
between the source and the worker, inhalation rates, dust loading of contaminated materials in 
air, and any use of respiratory protection or other personal protection equipment. The parameter 
values and assumptions used in this analysis and incorporated in the TSD-DOSE code are 
designed to be conservative, i.e. likely to over-estimate potential radiation dose. In practice, 
standard operating procedures at this permitted landfill include placement of wastes using heavy 
machinery with enclosed cabs, active dust suppression measures, personnel access controls for 
the active disposal area, and the placement of daily cover over disposed materials to minimize 
the opportunity for direct contact with the waste. Therefore, actual exposures would be expected 
to be even lower than the estimates presented here. Additional discussion of the assumptions and 
parameter values used in this analysis to better represent the site-specific features and practices of 
the C-746-U landfill is presented in Appendix B. 

The potential exposure of waste disposal workers at the facility following placement of 
the cumulative waste inventory in the C-746-U landfill was also evaluated using RESRAD. This 
evaluation assurnes that the future worker is employed full-time at the landfill facility following 
closure for site maintenance and surveillance. The future worker was assumed to spend 8 
hours/day at the disposal facility for 250 days/year, all outdoors with no shielding due to 
occupancy in buildings, vehicles, etc. In practice, only minimal maintenance would be required 
following closure of the facility, and the actual exposure frequency of the worker would be much 
smaller. The hypothetical worker was assumed to spend all working hours directly above the 
buried waste. The buried waste was assumed to be placed immediately below the final cover 
system (i.e., the thickness of cover materials over this waste was assumed to be only 1 meter). 
The maximum dose to the hypothetical future worker over the lOOO-year period of analysis is 
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only 0.02 n-n-em/year, as shown in Table 4. If the actual thickness of the final cover system and 
any additional wastes disposed above this PGDP soil and debris waste stream exceeds 1 m, the 
potential dose would be even lower. In the unlikely event that a building is constructed over the 
disposal cell cover system, the potential concentration of radon decay products in indoor air is 
estimated at approximately 0.01 working level (WL), well below the applicable limit of 0.02 
WL. 

Since the wastes are contained in an engineered disposal cell constructed to meet the 
requirements of 401 KAR 48 and RCRA Subtitle D, most potential exposure pathways would be 
significantly restricted or eliminated. Only external radiation, radon migration through the cap 
and cover system, and exposure to radiation in leachate would be plausible active exposure 
pathways. 

Table 4. Estimates of Radiation Dose to Hypothetical Receptors 
Following Closure of the C-746-U Landfill Using the RESRAD 

Predicted Dose (Total Effective Dose 

Worker 0.02 b 0.003 b 

Resident 0.06 b 0.009 b 
I 

Farmer d 88.7 ’ 2.3 ’ 

* Expected dose is based upon the more realistic (expected/medi&) values 
for radionuclides presented in Table 2. 
b Maximum dose predicted to occur at 1000 years post-closure; primary 
exposure pathway is external exposure. 
’ Maximum dose to the resident farmer predicted to occur at 9 years post- 
closure, primarily from ingestion of “Tc in drinking water from an on-site 
well. Controls at the site are assumed to preclude the development of an 
on-site drinking water well within the 30 years of surveillance and 
maintenance at the landfill. 
d A farmer residing on top of the landfill, growing crops, and raising 
livestock for consumption presents ultra conservative values for this 
evaluation. It is highly unlikely that such an event will ever occur given 
the administrative controls and land use controls that will be in place. 

The cap and cover system would provide sufficient shielding to reduce external exposure and 
radon migration to negligible levels. The other potentially complete exposure pathway under 
normal operations would be exposure to any radioactive materials that might leach from the 
disposed waste and enter the leachate collection system. The leachate must be removed from the 
system on a weekly basis throughout the operational and closure periods for appropriate 

. 
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treatment or disposal. Among the radionuclides of concern in the proposed soil and debris waste 
stream, only “Tc and 237Np are expected to be relatively soluble and mobile. Releases of these 
radionuclides would be predicted to occur during the operational and active institutional control 
periods, while leachate is being actively collected and monitored. It should be noted that the 
dose estimate for the leachate collection worker discussed previously is based on the highly 
conservative assumptions that a hypothetical worker processes all of the leachate from the facility 
and that all radioactivity in the annual inventory of disposed waste reaches the leachate. The 
expected estimate (0.045 mremyear) would bound any exposure from the leachate collection 
operations following closure of the landfill. 

If the cap and cover system retains its integrity to prevent direct contact with the disposed 
waste and prevent placement of a groundwater well into the disposal unit, the radiation exposure 
to any future receptor would be negligible for any future land use. Even in the unlikely case of 
an intruder who might excavate into the waste, the dose would be small, particularly in light of 
the mixing of this small volume of waste with the overlying cover materials and surrounding 
waste that would occur during excavation. 

Additional RESRAD calculations were performed to evaluate the highly unlikely event 
that institutional control is lost at some future time and the site is converted to alternative uses. 
The scenarios considered include; a resident located above the landfill and a subsistence fanner 
located above the landfill. Parameters assumed for each of these scenarios are summarized in 
Appendix B, along with RESRAD summary output reports, 

As shown in Table 4, the potential radiation dose would remain negligibly small for 
worker and resident scenarios with the intact cover system, and well below 25 mremyear. The 
expected dose to the hypothetical subsistence farmer is estimated to be less than 25 mremyear. 
The maximum dose to the subsistence farmer is greater than 25 mremyear, but less than the 
federal public dose limit of 100 mremyear. The greater dose to the hypothetical resident farmer 
would be predicted if the ingestion of drinking water from an onsite well is considered to be a 
plausible exposure pathway. The peak dose from the drinking water pathway is estimated to 
occur within approximately 9 years post-closure and fall rapidly thereafter. Since the peak dose 
is predicted to occur within the 30-year active institutional control period following closure of 
the disposal cells, any contaminated leachate would be collected and appropriately disposed. The 
subsistence-farming scenario is not considered plausible for this site due to the requirements for 
permanent deed notification under the site closure requirements under 401 KAR 48. Similarly, 
the complete loss of the cover system would be contrary to closure and post-closure requirements 
for the facility and is not considered plausible, particularly in consideration of ongoing remedial 
actions at the PGDP site. The results for both farmer scenarios were below 100 mremyear dose. 

The collective population dose to workers at the disposal facility and off-site public 
within a 50-mile radius of the site was also evaluated, using the TSD-DOSE computer code. For 
this waste stream, the estimated maximum collective dose is 0.014 person-rem to site workers 
and 0.026 person-rem to the off-site public. Under both methods, the predicted radiological 
impacts are extremely small. Depending on the scenario, different parameters most significantly 
influence the results in each case. Estimates of potential doses to hypothetical future workers or 
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residents are predominately attributed to the external exposure pathway so that uncertainties in 
parameters affecting this pathway (e.g., occupancy factors, thickness and configuration of source 
materials, shielding provided by buildings or site features) have the greatest impact on model 
predictions. For these scenarios, uncertainties are relatively smaller than for the subsistence 
farming scenario, where uncertainties related to the leaching and transport of radionuclides from 
the waste materials and uptake of radionuclides by plants also influence the results. Parameter 
values for this analysis have been selected to provide conservative (i.e., more likely to over- 
estimate than to under-estimate) estimates of potential radiation dose to future receptors for all 
scenarios considered. 

5.2 Ground Water Protection 

As noted previously, groundwater contamination down gradient from the PGDP was identified in 
1988, and an alternative water supply (community water line) was provided to all users with 
potentially impacted wells. Currently, groundwater down gradient from the PGDP is not utilized 
for a drinking water source or other uses. 

The PGDP has developed a draft Groundwater Protection Management Plan developed 
under DOE Order 5400.1 (DOE 1997b). In addition, the Paducah Groundwater Protection Plan 
(DOE 1998) developed under Kentucky Administrative Regulation 5:037, requires that all 
potential source areas of groundwater contamination must be identified and addressed with 
respect to groundwater protection. 

The C-746-U landfill has been designed to meet all technical specifications of 401 KAR 
48 (and RCRA Subtitle D), including the presence of a composite liner and leachate collection 
system to prevent releases to groundwater. Post-closure care requirements include long-term 
monitoring of the leachate collection system and groundwater at the facility boundary. These 
design features and permit requirements will ensure that groundwater will be protected in 
accordance with applicable State and Federal regulations. Therefore, no detrimental impacts to 
groundwater from this facility are expected. 

Even in the highly unlikely event that all design features and post-closure care 
requirements for the facility fail immediately following the 30-year active institutional control 
period, no significant impacts to groundwater would be predicted, due to the very low 
concentrations of residual radioactive materials in the proposed waste stream. Prior to the 
construction of the C-746-U facility, technical analyses were conducted to evaluate potential 
impacts to groundwater from disposal of waste containing low levels of radioactive materials 
(Lee et al. 1995). This analysis assumed that about one-half the total disposal capacity of the C- 
746-U landfill would be utilized over a loo-year period (-11 acres). This portion of the facility 
was considered to consist of five segments, which were to be filled sequentially beginning at the 
southern boundary, with each segment being filled over a 20-year active disposal period. 
Following the active disposal period, each unit would be closed in accordance with permit 
requirements, including installation of the final cover system. The cover system and leachate 
collection system were assumed to operate as designed for a 30-year institutional control period 
following closure of each unit, and then to degrade to natural conditions, No consideration was 
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given to the possibility that active or passive institutional controls may be maintained beyond 30 
years at the disposal site. Based on these conservative assumptions, potential releases of 
radionuclides to groundwater were modeled, and a concentration limit for each radionuclide was 
computed to limit the radiation dose to a hypothetical receptor at the site boundary using 
groundwater as his or hers sole drinking water source not to exceed 4 mremyr.’ The results of 
this analysis are summarized in Table 5. The derived concentration limits from this study are 
similar to the proposed authorized limits for uranium, and significantly greater than the proposed 
authorized limits for all radioisotopes of thorium, plutonium, and americium. The derived 
concentration limits shown in Table 5 for 237 Np and “Tc, however, are lower than the proposed 
authorized limit values for these radionuclides. It must be noted that the Lee et al. (1995) 
analysis considered a quantity of waste more than five times greater than the authorized limits 
proposed. It assumed that the entire quantity of waste contained each radionuclide at the 
maximum concentration limit and assumed the failure of all site engineering controls following 
the 30-year period of active institutional control. In consideration of the conservative 
assumptions built into the Lee et al. analysis, the proposed authorized limits are considered to be 
protective of groundwater resources for all radionuclides of concern, even for the highly unlikely 
case where off-site groundwater is used for a drinking water resource. Moreover, 237Np and “Tc 
are the most mobile of all the radionuclides considered in this analysis, and would be most likely 
to be captured in the leachate collection system during the facility operation and closure periods. 

, 

’ The dose constraint of 4 mrem/year was selected based on current and proposed regulations for 
radionuclides in drinking water under 40 CFR 141. It should be noted that this limit only applies to man- 
made beta-gamma emitting radionuclides, and would not be directly applicable to most of the 
radionuclides considered to be present in the proposed soil and debris waste stream. Among the 
radionuclides in Table 1, this limit would be applicable only to 99Tc and 137Cs, but not to the other 
radionuclides, which are alpha emitters. The only current limitation directly applicable to the alpha 
emitting radionuclides would be the gross alpha limit of 15 pCi/L. The 4 mrem/year value was used in 
the Lee et al (1995) study to provide a consistent basis for comparison among the radionuclides of 
concern. Revised regulations for radionuclides in drinking water are currently under development, which 
may provide alternative requirements. 
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Table 5. Derived Concentration Limits for Radionuclides in Wastes 
Disposed at the C-746-U Landfill to Limit Potential Radiation Dose to 
a Hypothetical Receptor at the Site Boundary to 4 mremjyear from 
Groundwater Ingestion (from Lee et al. 1995) 

Radionuclide Predicted Peak Time of Peak Derived Waste 
Concentration in Occurrence Concentration 

Groundwater (Year) Limit (pCi/g) 
(pCi/L per 
pCi/g)“” 

r Uranium-23 8 0.35 4,740 64 
I I I 

Uranium-235 0.35 4,740 64 
1 I 1 

Uranium-234 0.35 4,740 64 

Technetium-99 7.9 125 560 

Thorium-23 0 I 0.0009 I 1,600,OOO I 11,000 
-1 

Thorium-232 I 0.0009 I 1,600,OOO I 1,300 

Neptunium-237 3.8 480 0.38 

Plutonium-23 8 0.03 53,400 170,000 

Plutonium- 
I 

0.03 53,400 200 
2391240 
Americium-24 1 0.004 355,000 1900 

Cesium-137 * 

* Cesium-137 was not considered in the Lee et al. 1995 analysis. However, due 
to its short radioactive half-life (30 years) and high distribution coefficient (Kd 
about 300 to 5000), it would not be predicted to impact offsite groundwater, and 
the derived concentration limit would be effectively infinite. 
** Predicted groundwater concentration at site boundary (pCi/L) per unit activity 
concentration (pCi/g) in waste. 

5.3 Future Remediation Requirements 

Site operations since uranium enrichment production began in 1952 have resulted in 
releases of radioactive and chemical constituents to environmental media. Environmental 
remediation activities at PGDP are currently being conducted in accordance with State and 
Federal regulations and DOE directives under a Federal Facilities Agreement. DOE has 
developed a strategic plan to define remediation priorities and coordinate cleanup requirements 
under RCRA and the Comprehensive Environmental Restoration, Compensation and Liability 
Act (CERCLA). Remediation activities completed to date or currently underway include 
groundwater extraction and treatment, provision of alternative water supplies, installation of new 
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caps, and excavation of contaminated materials. The C-746-U landfill and other recent waste 
management facilities have been developed to provide improved management of PGDP wastes. 

Since the C-746-U facility is permitted under Kentucky solid waste regulations, in 
accordance with RCRA Subtitle D requirements, closure and post-closure care requirements are 
specified to minimize the potential for future remediation at the site. The closure plan for the 
facility establishes requirements for future maintenance, monitoring, and control of the site. 
Closure requirements include a permanent deed notice to inform any future occupants of the 
location and operating life of the facility, the nature of the waste placed in the facility, and a 
caution against future disturbance of the area. These measures should help ensure that the 
facility will not be subject to future remediation under DOE Order 5400.5 or other applicable 
requirements as a result of the disposal of this waste stream. 

Normal landfill operating procedures, which include clean soil for cover and operation of 
heavy equipment to grade disposed materials and reduce void space, would result in a minimum 
of one to one ratio of waste to clean soil within the landfill. The average radionuclide 
concentrations would be effectively reduced to at least 50% of the proposed authorized limit 
concentrations or less. Since the proposed authorized limit concentrations are similar to DOE 
criteria for unrestricted release, it is unlikely that future remediation would be required to control 
the residual radioactive materials in this waste stream. 

As noted in the preceding discussion, site-specific remediation criteria for PGDP have not 
yet been developed. However, the Kentucky Radiation Health and Toxic Agents Branch (Volpe 
2001) has proposed that a 1 mremyear dose be accepted as a “walk away” dose. The expected 
radionuclide concentrations in wastes disposed at the C-746-U landfill are predicted to be below 
the “walk away” dose. Moreover, these materials would be contained within an engineered 
permanent disposal facility and would not be available for unrestricted contact. The disposal of 
the proposed waste stream at the C-746-U landfill are not expected to result in a radiation dose or 
risk to potential future receptors that would warrant remedial action in any case. 

5.4 Cost Benefit Analysis 

Disposal of the proposed PGDP soil and debris wastes as low-level radioactive waste at 
DOE or commercial LLW disposal facilities would cost approximately $ l,OOO,OOO to 3,000,OOO 
per year. This is based on an annual waste generation rate of 5,000 m3/year and unit rates of 
approximately $6 (for soil) to $16 (for debris) for disposal at Envirocare and $ 9 per ft3 for 
disposal the Nevada Test Site. In addition, disposal of this waste at these off-site facilities would 
incur significant transportation costs. Therefore, disposal of these materials at the C-746-U 
landfill is estimated to provide a cost savings of at least $ 7,000,OOO to $21,000,000 relative to 
other disposal alternatives over the 7 year period considered for this analysis. 

A conservative estimate of the cost per dose averted can be derived by dividing the 
estimated cost savings by the collective dose predicted to result from disposal at the C-746-U 
landfill (0.026 person-rem per Section 5.1), or approximately $175,000,000 to $500,000,000 per 
person-rem averted. This approach is likely to over-estimate the dose averted (if any) by disposal 
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of this waste at the alternative sites. By effectively assuming zero collective dose for this 
disposal alternative, given the very low collective dose estimate for the landfill disposal, it is 
unlikely that the collective dose for any other alternative would be significantly lower. Even so, 
the estimate of approximately $ l/2 billion per person-rem averted is many orders of magnitude 
above the levels generally considered reasonable for DOE ALARA analyses. 

This cost-benefit analysis indicates that disposal of soils and debris containing low levels 
of radioactive materials at the C-746-U landfill would satisfy the DOE requirement to maintain 
all radiation exposures As Low As Reasonably Achievable (ALARA). 

5.5 Reporting Requirements 

Appropriate records of the released materials will be maintained consistent with the 
requirements of DOE Order 5400.5. Record-keeping procedures have been implemented by the 
C-746-U facility to meet permit requirements and DOE directives. The DOE Oak Ridge 
Operations Office will maintain all disposal records as part of the permanent file for the C-746-U 
landfill at the disposal site. As discussed in Section 2, annual evaluations will be conducted by a 
DOE Health Physicist to confirm that the characteristics of the wastes disposed at the landfill 
during each year of operation are consistent with the assumptions used in the analysis supporting 
the proposed authorized limits. This annual evaluation will include the development and 
maintenance of the cumulative source term of residual radioactive materials placed in the landfill 
to date, and comparison of the concentration of residual radioactive materials in each disposed 
waste stream to the proposed authorized limit values. Survey and measurement results will be 
reported consistent with the data reporting guidelines in DOE radiological survey guidance (DOE 
1997c) and DOE/EH-173T (DOE 1991). 
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5. CONCLUSIONS 

Authorized limits are proposed for the disposal of soil and debris containing low levels of 
residual radioactive materials at the C-746-U landfill at the DOE Paducah Gaseous Diffusion 
Plant (PGDP). The volume of soil and debris waste proposed for this disposal alternative is 
estimated at an initial disposal volume of 11,795 m3 and an annual waste disposal rate of 5000 
m3 for the second through seventh years. This disposal alternative has been determined to meet 
all criteria specified in DOE guidance issued by EH-41 and EM-37 (DOE 2002) for release of 
wastes to a DOE-owned on-site landfill: 

1. The maximum individual dose to workers at the disposal facility from the management of 
this waste stream is estimated at approximately 0.8 to 2.1 mrem during the active disposal 
operations and 0.02 mremyear following disposal. The expected worker dose during the 
first year of active disposal operations is estimated at approximately 0.04 to 0.1 mrem. 
The maximum individual dose to the off-site public is estimated at 0.008 mremyear, and 
the collective population dose (workers and public, combined) is estimated at 0.03 
person-rem. The cost/benefit analysis indicates that this disposal alternative is consistent 
with DOE’s policy to reduce radiation exposures as low as reasonably achievable 
(ALARA). 

2. No adverse impact to groundwater is predicted. The C-746-U landfill is designed to meet 
technical specifications of 401 KAR 48 and RCR4 Subtitle D, including a composite 
liner and leachate collection system. Operational and closure/post-closure care 
requirements for the facility include requirements for monitoring the leachate collection 
system and groundwater throughout the operating life of the facility and the post-closure 
care period. This will ensure that groundwater will be protected in accordance with 
applicable State and Federal regulations. 

3. Disposal of this waste stream at the C-746-U landfill would not result in a future 
requirement for remediation of the landfill under DOE Order 5400.5. The facility has an 
approved closure plan for future maintenance, monitoring, and control of the site. In 
addition, the proposed authorized limit concentrations for this waste stream are similar to 
remediation criteria typically approved for unrestricted release at other DOE cleanup 
sites. 

The disposal of the proposed PGDP soil and debris waste stream at the C-746-U landfill 
would provide an estimated cost savings of more than $1-3 million per year ($7-2 1 million over 
the 7-year disposal period) relative to other disposal alternatives. This disposal alternative 
satisfies all applicable requirements and would be consistent with DOE’s policy to ‘reduce 
radiation exposures as low as reasonably achievable. The analysis presented here demonstrates 
that the residual radioactive materials in the proposed soil and debris waste stream do not require 
control under the AEA and can be safely managed at the C-746-U landfill. 
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APPENDIX A 

TSD-DOSE ESTIMATES OF POTENTIAL RADIOLOGICAL IMPACTS 
FROM ACTIVE DISPOSAL OPERATIONS 



The dose to hypothetical workers involved in the disposal of the proposed soil and debris 
waste stream at the C-746-U landfill was estimated using the TSD-DOSE computer code 
(Pfingston et al. 1998). TSD-DOSE was developed on the basis of detailed radiological 
assessments performed for eight commercial hazardous waste treatment, storage and disposal 
(TSD) facilities. The model is designed to incorporate waste- and site-specific data to estimate 
potential radiological doses to on-site workers and the off-site public from management of waste 
containing very low levels of radioactive materials at a TSD facility. 

Default parameter values for the TSD-DOSE model were adjusted to approximate the 
site-specific circumstances at the C-746-U landfill. Potential receptors and waste processing 
operations considered in the TSD-DOSE code, and their applicability to the C-746-U landfill 
operations include the following: 

. Waste transportation - Drivers involved in transporting waste from the site of generation 
to a distant off-site TSD facility by flatbed truck (40 drums per flatbed truck). Local 
transportation from the site of generation to the C-746-U landfill is addressed under the 
landfill worker scenario. 

. Waste receiving and sampling workers - The waste receiving and sampling operation 
involves the activities associated with receiving the waste at the TSD facility, including 
weighing the vehicle; checking the manifest; and unloading, sampling and transporting 
the waste to a storage area. Since the waste stream considered in this analysis is 
generated from on-site sources at PGDP, only a portion of these activities would be 
potentially applicable, e.g., inspecting and weighing vehicles, and sampling of incoming 
waste. 

. Storage before processing - Workers involved in storage of containerized waste prior to 
incineration or burial. 

w Solid waste storage - Not applicable, because soils and debris generated 
from other areas at PGDP would be placed directly into a disposal cell on receipt 
without storage. 

Liquid waste storage - The liquid waste storage worker scenario in the 
TSD-DOSE code is taken to represent the leachate collection worker, responsible 
for collection and disposal of any leachate generated in the landfill. This scenario 
is evaluated via a separate execution of the TSD-DOSE code for a liquid waste 
stream. The resulting estimates of dose to the leachate collection worker are 
highly conservative, since the entire inventory of radioactivity received annually at 
the landfill is assumed to reach the leachate collection tanks. 

. Incineration - Workers involved in incineration of the waste stream. Not applicable since 
no incineration of the proposed waste stream is considered. 

. On-site landfill workers - The on-site landfill operation includes activities leading to 
burial of the waste or residues from incineration in an on-site landfill. This operation 
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consists of four steps; unloading waste from a dump truck, mixing the waste with 
stabilization agents in the mixing pit, loading the stabilized waste into a dump truck and 
transporting it to the on-site landfill, and unloading the stabilized waste into the on-site 
landfill. No stabilization or treatment of the incoming soil and debris waste is expected 
to be performed at the C-746-U landfill, the first operation (unloading waste into a 
mixing pit) is retained in order to evaluate the potential dose to landfill workers. The 
majority of the dose is from inhalation of dust generated during waste placement in the 
landfill. 

. Transport to an off-site landfill - Workers involved in transporting incineration residues 
to an off-site landfill. Not applicable since no incineration of the proposed waste stream 
is considered. 

. Incinerator maintenance - Workers involved in removal of plate-out from inside the 
incinerator kiln. Not applicable since no incineration of the proposed waste stream is 
considered. 

In each worker scenario, the same hypothetical worker is conservatively assumed to be 
involved in managing the entire inventory of waste received at the facility. The entire waste 
volume disposed is assumed to contain each radionuclide at the proposed maximum and 
expected authorized limit concentration (see Table 1 and Table 2 in Section 2) for this 
evaluation. 

On-site landfill workers will have radiological occupational training. Landfill workers will be 
required to complete General Employee Training (GET), Radworker II training, be enrolled in 
the DOE bioassay program, and take part in the DOE dosimetry program. A landfill worker 
meeting these requirements will be subject to Title 10, Code of Federal Regulations Part 835, 
Occupational Radiation Protection. 

Default parameter values and algorithms incorporated in the TSD-DOSE code are based 
on many assumptions regarding the interaction of workers with waste materials, which have been 
developed through detailed time and motion studies. Where appropriate, these default 
assumptions have been revised to better represent the site-specific features and operating 
practices of the C-746-U landfill. Key assumptions include the size and shape of the radioactive 
materials, distance from the worker, shielding between the source and the worker, inhalation rate, 
dust loading of contaminated materials, and any use of respiratory protection or other personal 
protection equipment. Site-specific parameter values include the following: 

Waste Receiving and Sampling Workers 

TSD-DOSE assumes that all waste is containerized in standard 55-gallon drums. 
However, the proposed soil and debris waste stream considered here consists of approximately 
70% bulk waste and 30% containerized waste, based on historical experience with remediation 
waste of this type. It is assumed that bulk waste will be transported to the landfill by dump truck. 
Each truck containing a waste volume (12.7 m3) equivalent to approximately 61 55-gallon drums 
(61 x 0.208 m3/drnrn). To account for this waste form, the exposure times assumed for the waste 
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receiving and sampling workers have been reduced - i.e., the time required for inspection and 
sampling of bulk waste in dump trucks is assumed to be approximately 10% of that for managing 
an equivalent volume of drummed waste. In addition, the respiratory protection factor for the 
worker involved in inspecting and sampling incoming waste was reduced from the default value 
of 10 to 1 (no respiratory protection), because respiratory protection is not normally used by 
workers at the C-746-U landfill. 

On-Site Landfill Worker 

TSD-DOSE considers four steps for the on-site landfill worker scenario: 

(1) unloading waste from a dump truck to a mixing pit for stabilization 
(2) mixing the waste with stabilization agents in the mixing pit 
(3) loading the stabilized waste into a dump truck and transporting it to the on-site 

landfill 
(4) and unloading the stabilized waste into the on-site landfill. 

For analysis of the disposal of the proposed soil and debris waste stream in the C-746-U 
landfill, only Operations 1 and 3 were considered to apply. Operation 1 (dumping bulk waste 
into a stabilization pit) was used instead of operation 4 (unloading stabilized waste into a landfill) 
to better represent the placements of waste into the C-746-U landfill. This is necessary to 
evaluate the potential dose to landfill workers from inhalation of dust generated during waste 
placement. TSD-DOSE does not allow consideration of the inhalation pathway for the stabilized 
waste operation; however, no stabilization or treatment of the incoming soil and debris waste is 
expected to occur at the C-746-U landfill. Operation 3 (load truck and transport waste to the 
onsite landfill) is considered to represent the dose to workers involved in transporting waste from 
the staging or generation areas at PGDP to the landfill. No respiratory protection is assumed to 
be used by the landfill worker, based on normal site practice. Six workers are assumed to be 
present at the landfill during disposal operations. 

The average dust loading (i.e., concentration of waste particulates of respirable size 
resuspended in air to which the landfill worker is exposed) during waste placement operations is 
assumed to be approximately 200 ug/m3 (Yu et al. 1993b). Active dust suppression measures are 
implemented during waste disposal operations at the landfill, in accordance with requirements of 
401 KAR 48:090-5(2). In addition, disposal operations are conducted using heavy equipment 
with enclosed cabs for the operator; this equipment was adopted in place of traditional open-cab 
equipment in order to minimize worker exposure and to alleviate safety issues associated with 
the use of respiratory protection equipment while operating heavy equipment. 

Leachate Collection Worker 

A hypothetical leachate collection worker is represented by the TSD-DOSE scenario for a 
liquid waste storage worker, through a separate execution of the TSD-DOSE code for a liquid 
waste stream with an equivalent radionuclide inventory to the proposed soil and debris waste. 
The resulting estimate of dose is highly conservative in that a single hypothetical worker is 
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assumed to conduct all leachate collection and disposal operations, and that the entire inventory 
of radioactivity received annually at the landfill is effectively assumed to reach the leachate 
collection tanks. 

These input parameters and resulting estimates of potential doses are summarized in the 
following TSD-DOSE output reports using “expected” and “maximum” values for the 
radionuclides. 



TSD-DOSE ESTIMATES OF POTENTIAL RADIOLOGICAL IMPACTS 
FROM ACTIVE DISPOSAL OPERATIONS 

USING EXPECTED/MEDIAN CONCENTRATION VALUES 



TSD-DOSE: A Radiological Dose Assessment Model 
for Treatment, Storage, and Disposal Facilities 

Version 2.22 - September IS08 

Site: Paducah Gaseous Diffusion Plant C-746-U Landfill 
Shipment: Authorized limit8 for Expected Values (5.3 pWg U-tot; 2.1 pCi!g Th: 13.2 pCi/g Tc-99; 0.1 pCi!g Np-237 
User: DOE-Paducah Site Offiice 
Title: 11795 cubic meters first year 

DOSW to: 
Driver: 

Receiving worker: 
lnclneratlod worker: 

Landflli worker: 
Offsite Indlvldual: 

OW8its populatian: 
Worker Populetlon: 

Doer hm: 
transport to TSD la&y: 

Receiving anct #M’tPllng waste: 
storage Mare pN%e8siilg: 

Incinemtlon of waste: 
Burlal at or&e tondfiII; 

Trwmport to offdte landfill: 

Inchorator melntsoenw: 

not applicable 
4.5 E-02 mrem 
not applicable 
I ,OE-01 mmm 
4.OE-04 mlsm 
1.4E-03 p-rem 
7.1EXt4 pram 

not applioebls 
1 LIE-02 mtem 
not applicable 
1.4E-02 mretn 

1 .OE-04 p-rem 

not appliibta not applicable 
4.1 E-02 mrilm l.OE-02 mrem 
O.OE+OO mrem Ct.OE+OO mnm 
not appllceble not eppllcable 
1 .OE-01 mPbm 1.4E-02 mrem 
not appliibla not applicable 
nd applicsble not eppllceble 

not applitebk 
3.1 E-02 mrem 
not applicable 
0.1 E-02 mrem 

6.1 E-04 p-rem 

not spplicubla 
3.1 E-02 mrem 
not applicable 
not applicable 
0. t E-02 mrem 
not applkxbla 
not applkble 

OWH dur to each iwbpr [mmm. populMlon dow In p+mm), 

b-P. Am241 Cal 37m Np237tD TCOS nl236 

ACdVb I.OE94 CL 2ti-03 Ct 2.UE-03 Ci 2QEQl Gi 4.QE42 Ci 

Rolowa FncUon MOE04 2.OOE-03 5.0OE.M 1 .ME-01 s.ME-04 

Drkei not sppkabb 
. .-.-- -- ___--.-- . . . . . . . . . 

RfwMng wrk9r 2.6 E-04 4.0 E-03 2.5 E-03 1.4 E-05 13 E-G2 
_.___-- --- __..- ._ _.. .I_... _ . . . . . -- . . . . . . . . . . . . . . . 

Inctwmtion wwker not appliibb 
_ .--.-_ --.--.- ._ ..- - .- ----------.-__.-... . 

L~wtRtl vmrkw 7.5 E-04 5.8 E-03 5.4 E-03 1.7 E-05 4.4 E-02 
_._. .._ ._ .._. --.- .---_.-.- --~ ---.--.. 

Offsib indivldurl 3.2 E-06 3.3 E-07 1.6 E-05 1.9 E-08 1 .B E-04 
_..--.. ““.____.-.-. . . . . . . . . . . . -_ .-_.. - ._ _. 

Off&m population 1.1 E-05 1.1 E-06 5.5 EQJ 5.3 E-08 6.5 E-04 
. . . .-- -.-_.. ..__.---. --- --.-__---. _-. 

Worker gopuhtion 5.Q E- 4.3 E-05 3.7 E-05 1.3 E-07 2.0 E-04 
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Dcsw due to each isotupr (comt’d). 

hotopr U2Y UZ36+P u238-m 
Actlvl& &DE-O2 Ci 2.&E-03 Ci 5.0&02 Ci 

Rcharc FrrcW 5.OOE.Ol S.oOE-64 5SlOE-CM 

mvcr not applicable 
-....- . . . . .-.-e--m -._.... . . . ._ .._. . ,..... . 

Rfmelving worker 7.5 E-03 1.2 E-03 1.1 E-iQ 
. -_. . .-_... ..-_ _.__ 

lnclnomtion wor(ur no1 applicable 

Landflll worker 2.2 EQZ 2.0 E03 2.5 E-02 

OMto IndMdu8l 9.6 EQ5 3.7 E46 8.8 E-05 

._ . . 

Oftea popuhtion 3.3 E-m 1.3 E-05 3,Q E-44 

Worker populrtlon 1.5E-04 1.4 E45 1.7EQ4 



Site Description 

Operations included: 
Receiving and sampling waste 
Storage Wore proceeaing 
Buflal at onsite landfill 

Operations excluded: 
Transport to TSD facility 
Incineration af waste 
Tranrport to offsite landfill 
Incinerator maintenance 

Parameters 
The folbwing am the rdjusbbb parnmeW8 uaad to modal wch o!watlon. 
A (0) dbr e u8lus inckab the dobutt vulue was wed. 

Fraction solid waste = 1 .QOO 
Fraction liquid warts = 0.000 
Pre-procsssud waste density = 74 E-01 g/cc 
Post-processed waste density = 1.4 E+DO g/cc 

Rwslvlng and wmplng wark [b +trpr) 
Number cd Workers: 2.OE+W (0) 

Sbp A: WmQht buck, Inspa mmMn( 
nuaragr dbtancw 5.0OEMO feat (D) 
durallon: 2.50E41 houn 

!ibp 8: Unlwd druma 
rurngr dbtance: XOOE+oO hrt ID) 
tane par drum or palbt: 0.93E-03 houn 

Stop C: lnrpaet and ample drurm 
ovec~gr dbtrItlut: 3.OOf40 bst 
tiie prr cuum; 8.33f -03 houn 
dmtw tnpirrble durt whwdtraliOh: 1 .OE+bO mglrn3 
nrpirrtov prwctlon hc801: 1 .OE+OO 

8bp 0; hnlhr wAld@ to rbraor 
q vmgs dblnw: 3.WE#O feat {O) 
time par drum or plbt: O.OOE*DU houm 

Stop E: Pump drummad oil to rloragr %nk 
muage diitancr; S.OOE41 felt ID) 
the per drum: P.OOE+OO houn 

Storage befera proce8alng (3 rtspr] 

Sbp A: Workmn in uotld waste rtongr ark 
average dbtanu: 3.0OE+oIl tit (D] 
duration: O.OOE40 (IOUIY 

Step B: innsfor sollds out 
swrme diitau4: 3.00E+UJ feat ICI) 
lime per drum dr pal&t: O.OOEMO houfa 
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Storage b&r* processing (cont’d) 

Step C: W~dwm in liquid msta rtoagr ama 
average distance: 3.00E+OO feet (0) 
duratiPn: O.OOE+OO hours 
shiilding tMkwm: 125E41 incher (D) 
Stwagr lnnk dlmmnmlons: 
bngth: 7.OOEtOOfest @) 
width: 7LWEtCXIfwt @) 
height: 1.2%+Ol feet (D] 

Burial atmdte landfill (4rkpm) 
Number d WC&~: 6.Clt3-00 
Dump trvck bad dhrrtonr for rtep8 A, C, and D): 
length: 2.5QE+Ol km1 (0) 
WWI; &OOE+OOOl (D] 
helphl: 3.0dE+OOfeet (0) 

Llbp A: Unlord ~111 k, mixing plt 
mvmgo d&mm: 5.00E+DD feet (D) 
dural#n: 2,BOEQl hwn (D) 
bhi#inp thidmrs: l.ZSE-01 inchor (Dj 
cirbm ~plmtMs dun ~oncantretion: 2&E-01 rng~ 
nrphrtory prateallon katar: I .OE+w (a, 

Qtmp B: hlh vtmk In mfrlng pit 
rw8grdhtanc.e: 1 .ODE+Dl fwt 10) 
dureliin: O.CtOE+OO houm 
cowr thldarrr: Z.dOE+OO lndw~ (a) 
WxlnQ pit dlmanslonr: 
length: U3E+O+ tit (0) 
width l.OOE+Ol feet {D) 
deplh: i .OOE+Ol Iret [b) 
covw thkkcklurm: 2.(lbE+OO inchar (D} 

Iilmp C: Load truck and trwwport to lrndtlll 
overage dlrtnnu: I.OOE+UP fast (D) 
dureiicn: ZbDESl hwn (D) 
shiildlnp thtckmsr: l.PIE-01 Inch06 (0) 

Fop D: Unlold truck It hndflll 
werag dirtmu: B.ODE+Nt feat (D) 
dwian: O.gOE+OO hourn 
ehbldb thlcknsrm: 1*25c-01 Inclm (D) 

4 
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TSD-DOSE: A Radiological Rose Assessment Model 
for Treatment, Storage, and Disposal Faciiities 

Version 2.22 - September 1998 

Site: Faduceh Gaseous Diffusion Plant C-746-U Landfill 

Shipment: Authorized Limita Expected Values (5.3 pCi& U-tot; 2.1 pCllg Th; 13.2 pCig k-99; & others) 
US%r: 
Title: 

DOE-Paducah Site OWce 
Leechete Collection Worker 

Dosa to: 
Driwr: not applicable 

RIttxiving worker: 4.SE-02 mretn 
Incineration worker: 4X-02 mmm 

Landfill worker: not appllcabls 

0fMta individual: not eppll~btb 

0ffwJ pbpul3tbn: not applloable 
MWsr Populatbn: ME-04 p-rem 

Dome from: 

Transport to TSD fscMly: not eppllcable riot rppkebh 

Receiving and sampling waatr: not appilcable not appkabte 
Storage before proceselng: 4.5E-02 mrem 4.5E-02 mfem 

lncineretlon of waste: not applicable not applkable 

Buriat at onslte landflll: not epplicable not appliibk 

Transport to alla&e lendfltl! not appliclbls not rpplicrrble 

Inoinwator molntenmnce: not opplluble not spplicable 

EXTERNY IMERNA& 

not applicable 

4.SE-02 mrem 
S-SE-Di! mrem 

not spplitobls 
not applicebls 

not applicable 
3,8E-04 p-mm 

not applicable 

O.OE+OO mram 

Q.QE+OQ mrem 

not applicable 
not applicable 

not applicable 
O.QE+OQ pwn 

not eppllcable 

not eppllcable 

not sppllcable 

not eppllcable 
not eppllcsble 

not applicable 

not applicable 

lt0tQpr Am241 W3T+b Nfl37+6 TCSP naso 

Actlvlty SOE-04 Ci 2.OE-03 Ci 2.OE43 Ci 2.OE-W Ci 4.01-02 Ci 

Relewo f mctkn S.OOE-M 2.00E.03 MOE-M I-.tIOE-01 6.wE$4 

DfkM not applicsbb 
. _-_. . . . . . . . . . . . . . . -. . . 

Receiving wctlur not rppliibb 
. . .._-. . . . . ..-.. . 

ladnwatton wwker nol eppliibb 
_..--- _-.-.--_-...-._ . . . . . __. . . . -... 

Lendfttl workrr not appliibb 
- . . . . . . . . ._......-.-_-- --------- .-..--._-.- . . . . . I- - 

Ofhlb lndlvlduat not 0pplll 
. .._. ._.. __.. --_ .- .._. _ . . . . I ._.. ----- . ..-- 

omite populltion not epplicaMe 
. ..- _. -.._-- -- __-_-.. _... . 

Workrr population 2.3 E-O? 1.3 E-W 4.7 E-05 5.0 E-07 1.2 E-96 
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Dow duo te l ch inompe (con%%). 

laotoQo U234 U231kD U23B+D 

Actluity 5.OE.02 Cl 2.DE-03 Cl S.OE-02 Cl 

ReIww Fmcth S.ODE-04 J.OOEai 5.OOE-04 

Drlwr not rpplcable ’ 

Reeehfhg worker not applicable 

lnclner8tlon worker not rpplicablr 

LandWl worker not rpplicablo 
. . . . . 

OtMtr inblvldual 
. .- . . 

ml *ppllcarde 

bltrtt8 populrtton noi rppllcable 
-, . _ . . . .-. 

Workrr Dooulrtlon 308 E-07 303 E.05 l.lE-04 



Site Description 

Operations included: 
Storage betin processing 

Operations excluded: 
Transport to TSO facility 
Rewiving and sampling waste 
Incineration of waste 
Burial at onsite IsndFiN 

Transport to off& landfill 
Incinerator maintsnenoe 

The folbwinp am the rdjulrkrbk prralmcrbra uwd to modrt wch aperatlan. 
A (0) aflrr 8 wlw indii the dsbul! value ~38 wad. 

Fraction solid wade = 0.000 
Fraction liqujd waste q 1.000 
Pre-processed waste density = 7.0 E-W gkc 
Post-prmesead W&I density = 1.4 E+OO e/cc 

8bp k Work- In DotId mrk rQnpr ml 
rvemge dktanes: 3.001+00 feet 1D) 
duntin: OBOE+00 hcxm 

81rp 8: Tnnshr rolldt out 
awage dMncs: 33JOE+OO feat (D) 
lime per drum or prbt: OBOE40 houn 

Stop C: Work&# In liquid mrts r(ong@ I- 
rwrego diitmm: S.ODE+OP hrt [DJ 
dura\ion: l.OOE+GO houn 
rhieldlw thlcknsw: 1.25E.01 lndwr [Dj 
Storrgo Dnk dlmonaloflr: 
length: 7.0&00feU [D) 
ddth: f.OOE+OQfeel [D) 
hrlqht; 1.2OE+Ql bmt (0) 

3 
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TSD-DOSE ESTIMATES OF POTENTIAL RADIOLOGICAL IMPACTS 
FROM ACTIVE DISPOSAL OPERATIONS 

USING MAXIMUM CONCENTRATION VALUES 



TSBDOSE: A Radiological Dose Assessment Model 
for Treatment, Storage, and Disposal Facilities 

Version 2.22 - Septsmber 1998 

Site: Paduceh Gascous Wfusipn Plant C-746-U Landfill 

Shipment: Authorired Umih for Max Values [I50 pCq U-tot; 15 pcilg m, 500 pCil$ TOW; 3 pCilg &her6] 

User: DOE-Paducah SLte Office 

Title: 11795 cubic meWe first year 

Dose to: 
DdVSr: not applicable 

~ce’tvlng worker: 8.?E-01 mrem 

lncinsmtkm worker: not applicable 

L&fill wooer; 2.1 Et00 mrum 

Offsb lndtvldu~l: 7.8E-03 mnm 
CM&e population: 2,Bd02 prem 

Worker Populntlon: 1 ,4Em#2 pram 

Do80 tram: 
TransporttoTSDfaclIity: 

Receiving and wmpling wasIS: 

Storage before proesrring: 

Inolnstatlcm of warts: 

Burial at onelta IandAli: 
TranrporttoolWtelandfill: 

Incinerator maintenance: 

not applicsbls 

8,7E-O1 mnm 
O,OE+OO mwtn 
not applkobl0 
2,1E+OOmfem 
not spplicebk 
not applicrbls 

not applicable 
2.7E-01 mrem 
not appllcabls 
3.7E-W mfem 

2.7Ea3 p-rem 

not eppllcable 

2.7E-01 mrem 
O.OE+OO mrem 

not appllcabb 
3.7Edl mretm 
not eppltcable 

not eppllcable 

not applicable 

B.OE-01 mrem 

not applicable 
1,8E+[lO mnm 

1.2E-02 prem 

not applicable 
B,OE-01 mrem 
not applicable 
not applicable 

1 BE+00 mrem 

not appliceble 

not applicable 

Dorw due to rrch kotope (mnm . populrUon dew In prim]. 

hOtOp* Am?41 c8137+D N@PO Pu238 Pu230 

Actmy 5.0~~02Q 5.OE-02 Cl 5AG02 Ci ME-02 Ci ‘$:OEI02 Cl 

R8kru Pmctlon 5.CW04 2.tME.M !i.OPE-04 ’ S,tlOd:M -5.ooE44 
. 

DtiVW not applicabb 
. . ..” -.-.. “,..__. . . . . . .-... . . 

Recetvlng worker 2.6 E-Q2 1.0 EQl 8.3 E-92 2.2 E-02 2.5 E-02 
,._,..--. -_-__-__-_-...---_--_.-. ---.-. .-.. . ..-.- ----. 

lncimratlon worker hot applitahh 
. .._- _- . . .- 

LancDllll w&w 7.5 E-02 1.5 E-91 1.3 E-al 6.6 E-#2 7.2 EM 
. . ..- e--.--h --. -I.--“-““...-..-. - . . 

OttsIte lndlvldurl 3.2 E-01 8.2 E.08 4.1 E-04 2.8 E-M 3.2 E-W 
. .--- --...I--...- . _ .._,.----- _._--.-.---“.--...-..-- 

offetbr popuMlon 1.1 E-03 2.8 E-05 1.4 EQ3 9.7 E-04 9.1 E-03 
. .--.-- . _ .-_... . .- . . . ..I ..-- --.- -_.- . 

Worker popubtlon 5.0 E-04 1 .I E-03 93 EM 4,4 E-M 4.8 E-04 
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Doacr due to each Irotopa {conW 

I8OtQpe PUUO 

Actklly 5SIE-02 Ci 

Ralcrr Fmctlen 5.POE54 

Driver not epplicabb 

Kecrrtvlng wQrlwr 2.5E.02 

lnelnemtlon workrr not applicobls 

%9e Th220 ‘xl224 Uis+D 

6.3EtOO Ci 3.OE-01 ‘Ci ;1 ,ZiXiO Ci l.OE-Oi Ci 

1 ,QOE$i 5.OOE-04 MOE.04 5.OOE-04 

5.7 E-M 1.1 E-01 1.8 E-09 8.Q E-02 

7.2 E-M 3.3 E-01 

Melt8 lndlvJdw~ 3.2 E-04 

OffslW p~pulellarr 1.1 E.03 

WorW population 4.8 E& 

Dour duo bp l ch Irqrope (cont’d}. 

‘-QP umw 

Actlulty 1.2E40 Ci 

Wm. Fmtlon !i.QoE-Q4~ 

mlnr not applluble 
I . . . . _. . 

RoerIving worker 2.5 E-Q1 
. . . . . I. . . 

IltcimvmUon worlar nol appllcrbls 

Lmdflll woI1(Qr 5.9 E-01 

7.5 E-05 1.4 E-03 2.3 E-03 l.GEQ6 

2.8 E-04 4.8E-03 7.8E-03 6,3 E-m 

5.4 E-08 2.2 E-03 3.8 E-03 7.2E-M 

,.... . ..- _ 

Otblte indtrldU8l 
. . 

offall pepuhtioll 

Wmker pdpul8tlOfi 

2.1 E-03 
,., ., . . . . . . . . . . . . . -. . .- . .-- 

7.1 E-93 
..__ -..- --_--. ..- 

4.1 E-03 



Site Description 

Operations included: 
Reoeiving and rumpling waste 
Storage before processing 
Burial at onalb landfill 

Operations excluded: 
Transport tr, TSCl facilii 
Ineineratian 0f waste 

Tr~crport bn offsite landfill 

Incinerakv maintenanw 

Fraction solid wests = I.000 
Fraction liquid waste = 0.000 
Pro-prrrcsrrd wash drnrity = 7.0 E-01 g/cc 
Post-prowrsed weate density = 13 E*OO glee 

Re~rlving and llmpllnp waatr (6 rtrpr) 
Numbnr of Workm: 2.OE+OD (P) 

Strp A: Wvlght truck, Impect mankrt 
avursp dibtemcez 5.OOE+00 bet (0) 
duration: Z.SffE-Ot how 

Step B: Unload drum 
avenge diutaw: 3.OOEtiOfset (0) 
Urns per drum or p~lla: 8.33E-03 houn 

lltep C: lmptct and rrmpk druma 
wwqo drtrnm 3.00E+W foot 
Pm6 par drum: 8.33863 hour& 
sIrborn@ rslplnbk durt wncenlrrbn: 
mplralwy p~Mclkw bcfbr: I .UE+00 

t .OE+OO m#m3 

Step 0: Tnnfir raMa lo rfomgr 
avermgr dlfiiwcs 3.OOE+W feet (D] 
time per drum or pellet: O.OOE+OO how 

Sdop E: Pump drummed oil to storage tink 
avefn~n disMca: SODE-01 feut (0) 
the psr dam: O.OOEtOO houn 

Storeage b&ore pfmce68lng (3 atep8) 

Srrp A: Worlrrn In solld WnW stomgr rnr 
ovanga dlrtanca: 3.WE+t# feer (12) 
dumtlon: O.LIOEtOO houm 

Simp B: TNnhr Aid* 6ut 
~VONQ~ dia&nar: S.OOE+OO fee~t {O] 
tlmepar drum or pallet: O.OPEtOO hours 

3 
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Storap before procsceing (contcd) 

Step c: Warkws In llquld wmab sbmtj~ ann 
auemgc dlatance: 3.RoE+00 lept @I 
duration: O.OOE+OO hours 
shielding Wicknws: 1.25E-01 incha ID} 
Stong~brnkdinrrasienm: 
length: ?.OOE+OOfeei {D} 
widlh: 7.OOE*OOfeat (D) 
heiiht: 1.2OE+Ul foot (D) 

Burial at malta Iandfll {4 bpe) 
Number ol Workers: BDE+OD 
Dump truck bad dlmenrionr fat strpr A, C, and 0): 
length: 2,5OE+Ol lmt @) 
width: B.OOE+OR ket (D) 
Mght: 3.OOE+oolset (0) 

Stop A: Unload msw ts mlxlng plt 
mmgo d~rlmo: 5-ME+W fuel (0) 
duntlon: 2.bOE-09 hourn (0) 
l hltidlng lhlcknmr: 195E.01 inchw {D) 
alrbornr rorplrabk dust camnhrtlon: WEdI mglm3 
maplmtory pmtaction hclor: l.OE+Cd (D) 

step 8: Yllr wlcto In rcllxlrg pit 
wersge dblams: 1 .OOE+Ol lad (01 
durrtiun: O.OOE+iW hour) 
cow Ihlckmle 2.WE+M lnchss {D) 
Miring pit dlmmrkns: 
Im~th: 1 .ORE+Ol feet (01 
width: l.ME+ol rJbt (II) 
aplh: 1.w1+01 feet (D) 
cow Ihkkncao: 2.WE+OO Inch8 (0) 

Btrp C: Lord truekrnd Watu~ to IrndHll 
awrgo diatmcr: s.O[)E+MI faot (0) 
dumtlon: 250E-01 houun [D) 
Melding Ihlckness: 1.35E-01 Lnoher (D) 

gtep D: Unload truck at landfIll 
swrrgr dlrtmm: 5AOE+OO feet (0) 
duntim: O.OOE+&I houn 
thlblding thickness: 1.25E-01 inchas (D) 
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TSD-DOSE: A Radiological Dose Assessment Model 
for Treatment, Storage, and Disposal Facilities 

Version 2.22 - September 1998 

Site: Paducah Gaseous Diffusion Plant C-746-U Landfill 
Shipmnt: Authorized Limits Mar Values (150 pCi/g U-tot; 15 pCi/g Th: 500 pCi/g T&Q; 3 pWg others) 
User: 

Title: 
DOE-Paducah Site Office 
leachate Collection Worker 

Dwo to: 
Driver: not epplicabls 

Redving worker: 1.1 E+O0 mrem 

lncinentlon worker: 1.1 E+OO mrem 
Lendfill worker: not appliwbls 

Oflsite individual not applicable 
Offsita population: not applicable 

Worker Population: ME-03 p-rem 

Dose fmm: 
Tranrpart to TSD facility: not appllwbls not appliwbls 

Rswiving md sampling warts: not apphbls not applicable 

Storage before pmwrJng: 1.1 E+OO mrum l-1 ENJO mrem 

InchmUon of waete: not applicable not applicable 

BurM at onsits landfill: not applhbls not eppliceble 

Tnnspon to offsite Imdfill: not appllcsble noi applicebls 
Incinsretor maintenanw: nol spplic&bls not applicable 

not epplicable 

l.lE40mrem 

1 I1 000 lnlsm 

not applicable 

not applicable 

not applicable 

ME-03 p-rem 

not applicable 
O.OE+OO mrwn 
O.DE+OO mwn 
not appliiabts 
not applicable 
not appkeble 
O.OE+OO p-rem 

not appliwbls 

not rpplicable 
not applicable 
not applicable 
not applicable 

not sppllcable 
not Bpplicable 

bow dw to wch Irotop# [mnm + popuhtbn dor In p-ram). 

IO- Am241 CSld74ri NplS7tD Pti’wl PuPJ$ 

Actlvl(y 59E42 Ci 5.QE-02 Ci 5.Ol502 Ci _ _ ___ S.QE-@ Ci S.OE-02 Ci 

lWkus Fmctlon 8ME99 2.ooE-03 S.iMErqr __ -s:tME-as . 5.0OEdM 

D&M rd applicable 
I. 

Rocdvhg workrr 

lnclnenflon worker 

Landml workor 
. ..-- --- 

OfWM indtvldud 
.- 

Offa popubtton 
.I_- 

Worker populallon 

not rppiiwble 

not rpplicabls 

not applicrbk 

noi appleable 

not appllcnble 
“-_ 

2.3 E4S 

_ ..__ ,... . 

_. ______,-____ - . ..-..--. . . 

---...._- -. .._... t. 

--.---.---. . 
3.3 E-03 3.2 E-03 t.8 E-R8 2.6 E-W 
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D0.H due to Cdl hetop. (cor@d). 

hlompr PUZID Tcog Th23e U234 UZSb+D 
AcUvRy S.OE-02 Ci WE+00 ci 3.PEal Ci lJELE+Qc) Ci w5.0E-MCi 

Releum Fn&n 5.QoE-o!4 1.OOE-01 5.OOE.Cd !i.im.[lr S.WE-04 

Qrhmr not eppliibb ._ . - . . - ----_.. . . . . . . . . . 
Raulvlng work not epplii~ 

.---._-_-___---.--.-- . ..-..-. . 
lnclnemtbn worker Ilot epprceble . . __ --.- . . . . _ . . . . . . - . . --... ._ . _. 
landfill werkrr not qykabb 1” . . . . . . . . . -.-..-.-_.. . ..- . ..-_. 
Offah Individud not appilcable 

..-.. 

Offmhlti population not epplicrblr 

Workor popul8tJon 1 .S E-M 

DMIB duu b rreh Iu+e [oont’d). 

l=w UPM+D 

ACtiVyC 1.2E+OO Cl 

Relrmmo Fmatlon J.0PE-M 

Dviver nd mppllceble 

RecrMng worker not nppllcnble 

IrlCinPrlUe* workmr not rpplicrblr 

Lmdflli wwk8r ml IDptiC~ble 

OfMa, lndlvldumt ml rppucrbl* 

Ofhlte popul8tbll not rppticnbfr 

2,l E-OS 8.3 E-W 0.8 E4Ki 8.2 E-W 

Workor popuktfon 3.4 E-W 



Site Description 

Operations included: 
Storage before processing 

Operationa excluded: 
Transport to TSD facility 

Receiving end sampling waste 

Incineration of waste 
Burial at onsite landfill 
Transport to off&e landtill 

lncioerator maintenance 

Parameters 
The felbting ore ihe od(uetBbla pnfameten u6ed to model eech operation. 
A (01 after a value Itik~les the drhult value WIS wed, 

Fraction solM waste = 0.000 
FFection liqutd waste = 1 .OOO 
Pro-procss~~cJ w&ate den6lty * 7.0 E-01 gfcc 
Post-prowssed waste density = 1.4 E+OO gtcc 

8torrgr befora pracrrting (3 atopa) 

Btup A: Workm In colld waalr rtemge ma 
warngo dirttnce: 7.00EtOO lost (01 
dunlion: O.DOE+OO hour* 

step q : TrJluhr rolth out 
evange dlmo~: 3.OOE+W hti (D) 
time per drum or poll& 0. WE+00 how 

Step 0: WOrkilm kl QqUld WMlll StOWQ@ WW 
awrr~(e d#rww 3.OOE+oOfeel (61 
duntlan: 1 .OOE+W hour,r 
rrhlrldlng Ihlcktmr: 1.25E-01 Inches (D) 
Stangotank dhwwlanr: 
Ibqn: 7.00E+OOhd (D) 
width: ‘I.OOE+aOfeat (0; 
height: l.ZOE+Ol bel {D) 

3 
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APPENDIX B 

RESR4D ESTIMATES OF POTENTIAL RADIOLOGICAL IMPACTS 

FROM CUMULATIVE RADIONUCLIDE INVENTORY 



Estimates of dose to hypothetical future workers at the C-746-U disposal facility 
following disposal of the PGDP soil and debris waste stream were developed using the RESRAD 
computer code (Version 5.82, Yu et al., 1993a). It is assumed that the hypothetical future worker 
will be employed full-time at the landfill facility following closure for site maintenance and 
surveillance. In addition to the post-closure maintenance worker, other hypothetical future 
occupants of the site also were evaluated, including residential and subsistence farming 
scenarios, even though such land use scenarios for this site are highly unlikely. In each case, 
potential doses to the hypothetical receptors were estimated assuming that the facility cover 
system remains intact, in accordance with RCR4 closure and post-closure requirements. The 
scenarios considered are summarized below and parameter values are shown in Tables B-l and 
B-2. 

For each scenario, the source term is assumed to include the cumulative inventory of 
wastes disposed at the C-746-U landfill over the 7-year period of analysis (41,795 m3). The 
entire waste volume disposed is assumed to contain each radionuclide at the proposed authorized 
limit concentration (see Table 1 in Section 2). Each scenario was evaluated for both maximum 
and expected concentrations of radionuclides in contaminated materials being placed in the 
landfill. 

Post-Closure Maintenance Worker: The future maintenance worker was assumed to spend 8 
hours/day at the disposal facility, 5 days per week, for 50 weeks per year (2000 hours/year). In 
practice, only minimal maintenance would be required following closure of the facility, and the 
actual exposure frequency of the worker would be much smaller. The hypothetical worker was 
conservatively assumed to spend all working hours directly above the buried waste. The waste is 
assumed to be placed immediately below the final cover system (i.e., the thickness of cover 
materials over this waste was assumed to be only 1 m, the minimum total thickness of the final 
cover system). If the actual thickness of the final cover system and any additional wastes 
disposed above the PGDP soil and debris waste stream exceeds 1 m, the potential dose would be 
lower than the values predicted here. Complete exposure pathways for the post-closure 
maintenance worker include external exposure, inhalation, and incidental soil ingestion. The 
worker was not assumed to ingest drinking water, plant foods, fish, meat or milk from onsite 
sources - i.e., the presence of engineering controls designed to meet the requirements of 401 
KAR 48 and RCRA Subtitle D would be effective in eliminating these potential exposure 
pathways. 

Resident: The future resident was assumed to spend approximately 16 hours per day, 7 days per 
week, for 50 weeks per year (5600 hours/year), based on standard EPA exposure scenario 
assumptions (EPA 1997). The resident was assumed to construct a house directly over the cover 
system (with a minimum thickness of 1 m) of the former disposal facility, and the soil and debris 
containing residual radioactive materials was assumed to be immediately below the cover. 
Complete exposure pathways for the resident include external exposure, inhalation, and 
incidental soil ingestion. The resident was not assumed to ingest drinking water, plant foods, 
fish, meat, or milk from onsite sources. All water for drinking and all household uses were 
assumed to be obtained from an off-site source not affected by site conditions (e.g., the current 
municipal drinking water supply). 



Subsistence Farmer: The hypothetical future subsistence farmer was assumed to spend 
approximately 18 hours per day, 7 days per week, for 52 weeks per year (6570 hours/year) at the 
site. The farmer was assumed to reside in a house constructed directly over the cover system 
(with a minimum thickness of 1 m) of the former disposal facility, and to grow farm crops and 
livestock at this location. As in the previous scenarios, the soil and debris containing residual 
radioactive materials was assumed to be immediately below the cover. Complete exposure 
pathways for the subsistence farmer were assumed to include external exposure, inhalation, 
incidental soil ingestion, and ingestion of drinking water, plant foods, fish, meat, and milk from 
onsite sources. All water used for drinking, household purposes, and livestock watering was 
assumed to come from an on-site well constructed directly into the former landfill. 

So long as the cap and cover system retains its integrity, the radiation exposure to any 
future receptor would be negligible for any future land use. Even in the unlikely case of an 
intruder who might excavate into the waste, the dose would be small, particularly in light of the 
mixing of this small volume of waste with the overlying cover materials and surrounding waste 
that would occur during excavation. Lee et al. (1995) evaluated this intrusion scenario, and 
radionuclide concentration limits were derived to limit the radiation dose to the hypothetical 
future intruder to 4 mremyear effective dose equivalent. These derived concentration limits 
were significantly greater than the authorized limits proposed in this report, with the exception of 
99Tc, where the derived limit is less than proposed authorized limit value. Earlier analysis was 
based on a much larger waste inventory (i.e., the entire landfill disposal capacity was assumed to 
be filled with waste containing radioactive material at the derived concentration limits). Analysis 
does not take into account the increased shielding of the disposed material by having another 
layer of contaminated material and clean fill being place over the initial layer of material. 

Where available, site-specific parameter values (e.g., hydrogeologic and soil parameters) 
were selected for consistency with previous modeling studies for the C-746-U landfill (Tetra 
Tech 1999, 2000). Parameter values used for this analysis are summarized in Tables B-l and B- 
2, followed by summary output reports from the RESRAD code. 



Table B-l. Exposure Parameters Used in the RESRAD Analysis for C-746-U. 

h’alue 
Parameter a 

Area of contaminated zone b 
Thickness of contaminated 
zone b 

Fgth parallel to aquifer flow 

Unit 
mL 
m 

Worker 
20,897.5 

Resident 

2 
20,897.5 

2 

Farmer 
20,897.5 

2 

m 100 100 100 

Cover depth 
Cover erosion rate 

Contaminated zone erosion 
rate 
Evapotranspiration coefficient 

Precipitation ’ I 
Irrigation 
Irrigation mode 
Runoff coefficient 
Watershed area for pond 
Water table drop rate 
Well pump intake depth 
(below water table) 

Well pumping rate 
Model: nondispersion (ND) or 
mass-balance (MB) 

Number of unsaturated zone 
strata 
Inhalation rate 
Mass loading for inhalation 
Indoor occupancy time fraction 
Outdoor occupancy time 
fraction 
Shielding factor from external 
radiation afforded by indoor 
occupancy 
Fraction of outdoor dust 
present indoors 
Shape factor, external gamma 
Dilution length for airborne 
dust inhalation 
Soil ingestion rate 
Fruit, vegetable, and grain 
consumption 
Leafy vegetable consumption 

m 
m/year 

m/year 

m/year 
m/year 

m2 
m/year 

m 

m3/yr 

m3/yr 
g/m3 

m 

1 
0.0006 

0.0006 

0.5 

1.28 
0 

not used 
0.2 

not used 
not used 
not used 

not used 
not used 

not used 

8400 
0.0001 

0.2 
0.03 

0.7 

0.4 

1 
3 

12.5 
not used 

not used 

1 1 
0.0006 0.006 

0.0006 0.006 

0.5 0.5 

1.28 1.28 
0 0 

not used not used 
0.2 0.2 

not used 1 ,ooo,ooo 
not used 0.001 
not used 17.5 

not used 250 
not used ND 

not used 4 

8400 8400 
0.0001 0.0001 
0.60 0.50 
0.02 0.25 

0.7 0.7 

0.4 0.4 

1 
3 

1 
3 

36.5 
not used 

36.5 
160 

not used 14 



Milk consumption from on-site 
livestock 
Meat consumption from on-site 
livestock 
Fish consumption 

Other seafood consumption 

Drinking water intake 
Storage time for 

Fruits, non-leafy vegetables, 
grain 

Leafy vegetables 
Milk 
Meat 
Fish and seafood 
Drinking water (well or 

surface water) 
Livestock fodder 

Fraction of drinking water 
from on-site well 
Fraction of aquatic food from 
on-site pond 
Livestock fodder intake for 
meat 
Livestock fodder intake for 
milk 
Livestock water intake for 
meat 
Livestock water intake for milk 
Livestock intake of soil 
Mass loading for foliar 
deposition 
Depth of soil mixing layer 
Depth of roots 
Contamination fraction 

Drinking water 
Household water 
Livestock 
Irrigation 
Produce 

Meat 
Milk 

Groundwater fractional usage 
(balance from surface water) 

Drinking water 

L/year not used not used 92 

k&a 

kg/iea 

kg/kea 
r 

L/year 

not used not used 63 

not used not used 5.4 

not used not used 0.9 

not used not used 510 

days 

days 
days 
days 
days 
days 

days 

not used not used 14 

not used 
not used 
not used 
not used 
not used 

not used 
not used 
not used 
not used 
not used 

1 
1 

20 
7 
1 

not used 
not used 

not used 
not used 

45 
1 

not used not used 0.5 

kg/d 

kg/d 

L/d 

not used not used 68 

not used not used 55 

not used not used 50 

L/d not used not used 160 
kg/d not used not used 0.5 
g/m3 not used 0.0001 0.0001 

m 
m 

not used 
not used 

0.15 
0.9 

not used not used 
not used not used 
not used not used 
not used not used 
not used not used 

not used not used 
not used not used 

not used not used 

0.15 
0.9 

1 
1 
1 
1 

0.5 d 

l.od 
l.od 

1 



Household water 
Livestock water 
Irrigation 

Total porosity of the house or 
building 
Volumetric water content of 
cover material 
Volumetric water content of 
the foundation 
Diffusion coefficient for radon 
iw 

in cover material 
in foundation material 
in contaminated zone 

material 
Emanating power of radon gas 
Radon vertical dimension of 
mixing 
Average annual wind speed 
Average building air exchange 
rate 
Height of the building (room) 
Bulk density of building 
foundation 
Thickness of building 
foundation 
Building indoor area factor 
Building depth below ground 

m2/s 

m 

m/S 

hr-’ 

m 
g/cm3 

m 

m 

not used not used 1 
not used not used 1 
not used not used 1 

0.1 0.1 0.1 

not used not used not used 

0.03 0.03 0.03 

not used not used not used 

3.0 x lo-’ 
2.0 x 1o-6 

3.0 x lo-’ 
2.0 x 1o-6 

3.0 x lo-’ 
2.0 x 1o-6 

0.25 0.25 0.25 
2.0 2.0 2.0 

2 
0.5 

2 
0.5 

2 
0.5 

2.5 2.5 2.5 
2.4 2.4 2.4 

0.15 0.15 0.15 

0 
-1 

0 
-1 

0 
-1 

a Parameter values listed are generic (RESRAD default) values except where indicated 
differently (Yu et al. 1993a, 1993b). 
b For purposes of this analysis, a total volume of 41,795 m3 of waste is assumed to 
be disposed in the C-746-U Landfill, and assumed to be distributed over an area 
of 20,897.5 m2 and depth of 2 m. The total depth of waste in the landfill is 
estimated at 9 m. 
’ Site-specific estimate. 
d Calculated by RESRAD based on the area of the contaminated zone. 



Table B-2. Soil and Hydrogeological Parameter Values (from Tetra Tech 1999,200O) 

‘arameter 

Thickness (m) 

Density (g/cm3) 

Iota1 Porosity 0.43 0.42 1 0.45 1 0.43 

zffective Porosity 

soil b Parameter 

Hydraulic Conductivity 
:m/year) 
Hydraulic Gradient 

Xstribution Coefficient, 
cd, (cm3/g) 
Uranium 
Thorium 
Neptunium 
Plutonium 
Americium 
Cesium 
Technetium 

Contaminate 
d Zone 
(Waste) 

2 

1.44 

0.33 

4.9 

1400 

35 1600 1600 35 15 
3200 5800 5800 3200 3200 

5 55 55 5 25 
550 5100 5100 550 1200 
1900 8400 8400 1900 9600 
280 1900 1900 280 4600 
0.1 

Waste/Soil Horizon * 

Bottom HUl HU2 
Liner 

1.22 3.35 1.22 

1.2 1.28 1.44 

IIU3 RGA 

3.66 10.36 

1.28 1.52 

0.45 0.34 

- 

0.28 

4.05 

45000 

0.0006 

35 
3200 

5 
550 
1900 
280 
0.1 

* Description of Waste/Soil Horizons Considered: 

Contaminated Zone - Includes the PGDP soil and debris waste stream, which is assumed 
to occupy a total volume of 41,795 m3 (20,897.5 m2 x 2 m depth). 
Bottom Liner - Composite liner, primarily clay, with total thickness of approximately 4 ft 
(see Section 3). 
HUl - Unsaturated zone stratum 1, approximately 3.35 m, silty clay. 
HU2 - Unsaturated zone stratum 2, approximately 1.22 m, sand with fines. 
HU3 - Unsaturated zone stratum 3, approximately 3.66 m, silt. 
RGA - Regional Gravel Aquifer, the major aquifer at the PGDP, located in the lower 
continental deposits (approximately 10 m thick, gravel). 
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M(tl ! I..l?(ic-M 1.4615-00 4.2172-02 7.29X-09 l.'IS(IC-Of 2,91X-02 9,509C-02 

Am-241 
Cll-137 
Np-237 
To-99 
Th-230 
u-234 
u-235 
U-238 

Totbl 

Z.HlE-16 O.OOW Q.OODB*OO Q.QOVO 0.00011+00 0.0000 o.oooPcoo 0.0000 O.OOOE+W 0.0000 o.ooo~+oo o.ooaa 
1 .11',3E-01 0. 0000 o.aancm 0.0000 0.00ol!+00 o.oow 0.000h4P O.QOW o.ooak+oo 0.0000 0.0001+00 0.0000 
6.51SE-10 0.0000 0.0001*00 0.0000 O.wOE+oO O.OQW o.oooE+oo 0.0000 D.DDOB+oQ 0,oooo O.QOOE+OO 0.0000 
3.?48C-20 0.0000 0.000trff0 0.00I0 o.DooE+oo o.oow O.OWE+OO 0.0000 o.oooE*w 0.0000 o.ooow+ou o.ooao 
Z.lPdE-07 O.flOOD 0.~onrr00 0.P0fl0 o.waI+oo o.ooclD 0.000I~00 o.oaw O.OOOk+W 0.0000 o.owE+oo lt.0000 
l.O4ZC-11 o.owo 0.000LMO Q.fJOOO 0.oooE+oo O.OQW 0.000~00 0.0000 o.ooPe+w o.woo 0.40oc+llP o.waa 
4.9056-11 0.000D O.OOOE+OO 0.0000 0.000?+00 o.oow o.ooouoLl Q.0wo o.woE*w o.ww P.OOOr+OO 0.0000 
2.159E-07 O.OOOO 0.000E~00 0.0000 o.DooIbtoo 0.0000 o.oooEtoo o.oow 0.000C~00 0.0000 o.owc+oo 0.0000 
-- -- -- -- -- -- 

S.J(3E-07 0.0000 ~.OOCW+OO d.0000 b.oDnz.roO o.oow 0.000a00 o.oow o.OoOE+W o.ooori o.ows+oo a.owa 

D.OQOZ+OO O.WOO 
0.000c+00 0.0000 

0.000~+w 0.0000 

D.DOOE+OO O.WOO 
o.ooOC+OO 0.0000 
O.WOE+OO 0.0000 
0.000E+00 0.0000 
0.000E+00 O.QWQ 
-- 

O.wOE+00 0.0000 

FARMER DOSE 
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RBsnP‘b. veseton 6.21 N Ilm3f - 0.3 YM~ lW2W2DD2 IS:14 Page la 

au-r? i PExuY Default Parallelcrg 5'11.: C7+sU_fr~-nSDD-~dian.ruo 

Nuulidn mcm/ye rrws. 

NUClldr 
--- 

Am-241 o.oooE+oa 0.0000 
CI-13 O.ODOC+OO 0.0000 
ND-231 O.DODWOO 0.0900 

I k-99 2,228kw 0,93u 

Tk-230 0.000e+Do 0.0000 

U-23* O.OWEtW 0.0000 

u-23s P.DWEtW 0.0000 

U-238 O.OOOktW 0.0000 

rut2 

-- 

0,0006+00 0.0000 
O~aouE*Oo 0.0000 
o.oaac400 0.0~00 
4,Y29C-O? 0,0202 

o,oaoe+oo o,oooo 

O.QaOEtoo 0.0000 

D.Oaoc*OO 0.0000 

o.aank+DO 0.0000 

! mta1 2.22amw 0.95m 4*728E-02 0.02D2 

-- 

o~oooE*Dn 0.0000 

0*00a6*00 0.0000 

o.Doan*rro O.OPOD 

0.00on*00 0.0000 

040a4ll+00 O.DQOO 

04waP+nD 0.0000 

o.oaoEcoo D.OOOQ 

o.ooa6+oo 0.0000 

me4t YUlk 

o.onnt+w 0.0000 

o,oooc*oo o,oooo 

0.0006+00 0.0000 

0.o0ot*0e 0.000b 

0.00ne+oo 0.0000 

0.000E+o0 0.0000 

o.oooc+Do o.aooo 

0,000c+o0 0.0000 

FARMER DOSE 

arrm/yr #rrct. 

-v-w 

0.00amoD 0.0000 o.ooo~+oo 0.0000 

o.ooeC+Ob LJ.0000 
O.oOoC+w 0.0000 
0. oooE+OQ 0.0000 
1.36Slk03 D.0006 

0.000rl+00 0.0000 

O.DDDE+60 1.0000 

O.o0oE+w 0.0000 

0. oOeE+Oo 0 * 0000 

-- 

t.%SE-03 0.0006 

o.ooac~oo 0.0000 

o.00or*oo 0.0000 

O,OOOE+OO OtOOOD 

6.dmb02 o.wf5 

D.00011~00 O.DDD6 

O.O’lOE+OO O.UDOD 

o.oooe*oo 0.0000 

O.OOOE+Ob 0.0000 
-- 

6.4281-02 0.~275 

-- 
5.6611-16 0.0000 

1, DY3C~O7 o.oow 

6.515E-10 0.0000 

2.311moo 1.0000 

2.10611-07 0.0000 

1~a*2E-11 0.0000 

4.905E-11 0.0000 

241S9kO7 0.0000 

-- 

2.3*1B+oo 1.0000 



RESRAD ESTIMATES OF POTENTIAL RADIOLOGICAL IMPACTS 
FROM CUMULATIVE RADIONUCLIDE INVENTORY 

USING MAXIMUM CONCENTRATION VALUES 



):. 
ABSFIAD. Version 6.21 7* Limit - 0.5 year 1211912OOP la:44 Pa90 16 

sumary : RTSRAD Default Palasletere ~Lle: CWUJnd-NGMI. IUD 

contaminated sons Dlmnaiopu m1ttia1 loll COnC.ntIatl4PS, pcs/q 

AMa: 2009?.lQ 1qomra IYtom M-l41 a .auowoo 

F ThiClnrSC 2.00 mts?s CS-137 3 .wDc*oo 

Colnr Wth: 1.00 matsra rrp~ll’l 3 .aom*oo 
?u-239 3.000w00 
RI-131 1.ooocsoo 
PO=140 I .oavc*oo 
rc-n 5 .oOQc*o2 

rnn-230 1, BoDC*Ol 

V-234 7.33oc*01 

u-235 1. lOPhOD 

u-239 ?.3Yot*ol 

i 
i 

c Eycws,: o.oaos+oo 1,000s:*00 1.000%*01 5,000E~01 1.0006+02 5.000E+o2 t*w0E+Of 

TWsEw:: 2.7#5l-06 2.?ffOE-06 3+1X3-4-06 5.532E-06 l.OOitS-05 1.943E-94 2.UOE-02 

nrtj: l.OS$N-0’1 l.LUF-07 1.25%-07 2.213p07 4.3238-07 1.977E-05 9.760E-04 

Naxlmum TWEEItl : 2.440c-02 llrrrnlyr at t - l.OOONtD3 Y"I(I 

WORKER DOSE 



rata1 ma cmtributlnna TDDSE(I,p,tl for Indirridual Radfbnuclides (il and Pathxays (PI 

kn memJyr and Crac!tian af Total We At t - 1,0008+03 WCZ?I 

--- -v 

Aim-z,1 6.1OE-10 0.0000 D.D0QC+0D 0.0000 

~~-137 2.6256-13 d.aoaa a,DoeCtQO 0.0000 

tJp.237 2.495e-a9 0.0000 0.00oE+a0 o.oMo 

ml-238 2,62BI+OS 0.0000 0,000E+00 0.0000 

eu-239 2.5116&08 0.0000 n.ooge+oo 0.0000 

~~-240 3.066~~31 0.0000 o.ooo~+oo o.oMo 

TC-99 o.woz+oo e.oow o.ooauw 0.0000 

Tn-230 2.mWJ2 o.swl O.owE+00 0.0000 

u-234 1.97nsa4 a.0081 o.oeoc+oo 0.0000 

U-235 B.<31E-0’) 0.0000 0.0002+00 o.oow 

v-238 I,lSfE-Ob 0.0017 0.000E+00 o.oow 

-v- -m 

TOl4 1 %.44D&O2 I.OOQO 0.000ec00 o.ww 

O.ODDE+OO O.woO 

o.aao~to~ o.owa 

Q,OB~WO~ 0,aaoa 

il.aOilE+00 0,00P0 

o.oooE+oo 0.0000 

o.ooDC*0o 0.0000 

0.000c+00 0.0000 

o.OooC+oo 0.0000 

o.owC+0o o.woo 

O.OWC+OO O.Oooo 

Q.eooE+00 o,oooo 

-s 

a.oooE+oo D.0000 

O.OOOE+OO Q.ODOD O.OOOE+OO 0.0000 Q.DOM+OO 0.0000 O.ODOC+OO 0.0000 

D.OWE+OO 0.0000 O.W011+00 0.0000 0.000Ct00 O.DOW O.OOOE+OO 0.0000 

O.OOOC+OO 0.0000 O.OOOR+OP Cl.0000 Q.OOOE+OO 0.0000 O.LIOOE+OO 0.0000 

o.oooE+oo o,nooo o.oaowna 11.0000 Q.MoE+OO 0.0000 o.noOe+W 0.0000 

O.QooE+OO o.ooa~ O.OaO2+DD a.0000 o.woG+oo 0.0000 0.0,00~+00 0.0000 

0.006~+00 OJIDOO. 0.0008+00 D.DD00 O.ODOC+Ob O.ODw O.OOOC*DO O.DbW 

e.ooofi+ia a.iooo 0.000s+00 0.0000 0.000P~d0 o,aabo’ o,ooodoo o.oow 

C+WC+OO 0.0000 O.OOOE+OO O.‘?OO O.DOOWOO 0,OOOO O~OQOPW O.OOW . . 
0.000c+00 0.0000 o.ow~+o~ 0.0000 o.a~eoc~oo 0.0000 o,ooos40 a.aain ,_. ,. 
O.OWC+QO 0.0000 O.OWE+OO 0,DOW +,,tlOOE+ad 0.0~00~ 0.0&W b.OoOi 

o,owE+oo 0.0000 o.opog+on 0.0000 a.Dow+oo o.aooo o.mot+OO 0.0000 

-------- 

i).ooocm 0~3000 o.ocmm 0.0000 o.Woi& o.aoW O.OOOc+OO 0,OOOD 

watsr CMh IJdoP PlJW war U11k 111 Patkwryo’ 

Radio- 
~ocli~s mrrinFyr mot. rluwmfyr crmc. nraryx tract. msm/yr fraot. mrdyr rtwt . mrmmlyr react. mrcm/yr rract. 

~~~~~~__-_*_~-~-~- 

k,,ddl O.OOOE+DO 11.0000 P.OOOE+bO 0,OOOe 0.00011+00 0.0~00 o.oo06ree oT,OOOO a.00OEtOO 0.0000 O.Ww+OO 0.0000 6.141E-10 0,0000 

~~-137 o.WOL+!N 0.MM ~,ooDE+OO 0.0000 o~owR*Oo 0.0000 O.dOOl4DD O.OwO o.oo~~~OO o.ooao o.Ww+00 0.0000 2.6266-13 o,oooo 

wp-231 c.OoOE+OD 0.0000 O.OaOE+O0 0.0000 0.0081~00 0.0000 o.aooc~oo 0.00~) 0.000~~00 o.oWD o.wmcao D.oow 2.59s~-09 0.0000 

PU-23~ O.M~E+OO o.QWO O.OOOE+O~ 0.01700 O.OWa*OO 0.0000 O.QOOlt*OO 0.0000 0.0UOk+OO 0.00110 O.OOOE+OO O.OOW 2.6298-09 0.0000 

pp23g *.odoEcbcl o.oaw Q.aOOE+00 n.oDDo O.OWbroO o.ow0 0.0ooE*o0 o.owo 0.0OOE+DO 0.0000 O.OOOE+OO O.OOW 2.SS6E-OS O.WW 

ql.2‘D O.llMB.W 0.0000 0.0wc+00 0.0000 o.QfJIIL*Do P.OWO 0.00DE*00,0.0090 O.Q00B+00 O.OWO O.WOC+OO,D.~OW l.P66E-11 0.0006 

‘cc-99 O.OOOE+OD 0.0000 0.000e+00 0.0000 O.OW&tDO O.OWO 0.ODOWOO O.OQoO O.QDDE+DD O~Owo D.oOm+DD D.OOW D.DiOE+Do o.DDOO 

rh-230 V.OOOL+OO V.0000 O.OOOd+OO 0.0000 O.UOOEWO 0.0000 O.OODE+OO 0.0000 O.OOW+oO O.OOIO O.MOE*OD 0.0000 2.416E-02 0.9901 
v-234 0.0006.00 0.0000 O.OOOE+W 0.0000 O.OOOE~W O.WQD O.OODC+DO 0.0000 O.OODC+OO 0.0000 O.WOC~OO e.ODoO 1.3WEO4 0.0061 

u-235 0.0006100 0.0000 O.OoOE+(IO o.owo D.000E+00 0.0000 o.oooE+Do 0.0000 0.00oE+00 d.anab o.oooE+oe 0.0000 9.431007 O.dOW 

U-236 O.OOOE~OO 0.0000 D.OOOC+oO O.OW0 O.ODOC+00 (I,0000 0.00DC100 0.0000 0.000E+00 o.wua O.O00E+OO 0.0000 4.193E-05 v.oa11 
~~~~~-cI--~---~- 

Total o.aaec+oo o.oaoo o.owz+aa 0.0000 0.000~+00 a.0000 0.000~+00 0.0000 O,OQOC+OO O.OiOfl O.&llUt.W O.OPDO 2.4dOE-02 1.0006 

WORKER DOSE 
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llllJl2wx4 15:Ol Paps 16 

Films C746UJba-N6DD.W 

Am: 20897.50 q q0brb me224 An-241 3 .oDot+oo 

Tb.icknWIkr a.00 met.** co-137 3 .BooE+oo 

Covbr Mpth: 1.w m6.n np-237 s.aDoC+OO 

Dll-a-31 9.000C40 

Pu-939 3.OOWtOO 

PIP340 3.ODDE+PO 

To-99 5.000e+0t 

7n-a30 1.5DDStOl 

u-134 7.33oEtol 

u-133 3.4006~00 

U-1SI 7.3rafi+01 

Totbl CM6 TD'JWttI, lnrmlyr 

t War01 i 0.000~+00 L,ODOWOO l.OODCtOL 5.OOOBtDl l.OOONtD2 5.OWlMl 1.000~+03 
TlmBlItt) : ?.1PW-06 7.196E-06 9.iOSb06 1.432E-OS 2.7972-OS 1.27PBrO3 6.31%!-02 

tat1 : 2.842607 2.839b07 3.2631607 6.727k-07 1.119&46 5.1178-05 2.526~~03 

t&ax* TDOSGWlr 6.3159-02 nnsWf+ at t - l.Q00E+05 ymw 

LANDFILL RESIDENT DOSE 



RZSRIII), ~eraion 6.21 TY twit - 0.5 year 32/1912w2 a:01 Fagi2 23 

e-ry : PXSSAO otrau1t earamatus File2 c146lf~nea~Wm.JuD 

G?!c.u~ rnnaaaclon Padan Plant Heat MLlk 9011 

Ridi@ 

LUCIIda mzmdyl: tract. mm/y* rrbct. flrbm/yr Ktdbt . mr4nlyr fraot. mrsmt yr fraot . nwem/ylT fract. nlrwrlyr flxmt1 
~~__~~~~~ --m-e-- 

~-2,1 1.589E-09 0.0000 Q.QOOBIOD Q.QbDQ Q.QQQE+OO o.0000 O.OOOEtQo D.oQQQ ~.ou~~+w 0.0000 o.oooc+oo 0.0000 o.ooQ~tao o.BOoo 

rJ,-iy 6.,95E-13 lJ.0000 ~.***~4w o.gfvlo o.oOM+OD 0.0000 O.OOaE+DD 0.0000 O.ODclk+oO O.OOQO O.OOOE+no o.Qopo 0.0QQc+00 Q.DOOO 

m-231 6.?16&69 ~,OOOO o.ooo~*oo 4.0000 o.ooewJo 11.0000 o.ocJoP*oo 0.0000 0.000P00 0.0000 o.oOOEcw O.OOOQ 0.0wE+00 D.0000 

~~-233 6.8028-09 O.OO~O O.OOOE+OO o.own o.ooec+oo 0.0000 0.0~0~~00 0.0000 a,aoDitw o,adoe b.Qba~~o~b.~Qoa e,Oeo~~oQ o.oooa 

m-239 6.68,~-DB O.WOO Q.000~~00 O.WOO O,OOOE+OO 0.0000 0.OOOEtOO 0.0060 O.OOOL+W 0.0000 O.OOOE~OO O.OODD O.OOOE+OO D.DDw 

pu-zdn 7.9369-11 o,oaoo o,~wg~oo o,ovoo 0,OOOWOO O,OD@P O,OOO~*Ob O.ODDO O.OOOetW 0.0000 D.OWT+OO 0.0000 D.D00~+00 0~0000 

TC-99 Q.~Q~OL+W o.oo[lo 0.000Eto0 o.oooO a.ooOc+ao D.0000 O.OOQS*PO O.OQOO O.~OWtW 0,OOOO O.WOt*OD 0.0000 O.OQOF!tQQ P.0000 

7h-230 6.253~~03 0.900; 0.000~400 0.0000 o.ooocto~ 0.0000 0.000f+00 0.0000 o.o~~~poo o.ooo~~ o,~pzto~~ 0.000~ o.foy+~oe 0.0000 

K-214 5.119E-04 0.0091 o.ao~c*oo 0.0000 P.~ow*oO 0.0000 o,ooawpo~e.otyl~ 0.~~0yoo o.opyJ e.0oemw O,~OO 0.0~fm~00 0.0000 , .~, ^,_l 
U-235 2.44X-06 l1.0000 Q.OOOC+OO 0.0000 D.OOW+OD O.OWO O.400L~OD O.O$%O O.OPOC~W O.jlOOO ~.“~LOD 0.0000 $)OOl+f?‘O.iiioo 

u-219 I .MSE-04 O,OOI-I Q,OWC.OO O,OOOO o.oo~E~OO 0.0~0 O,OOOC*OO O.OOW Q.OOOctW 0,OOOO O.OOOL*Di 0.0000 0.000~00 O.OOiO 

,~~~~~~~~--~-~~- 

Tbtt7 1 6.31~~02 1.0000 O.OWE+W 0.4000 0.OW~t00 0.0000 Q.OOOCtOD 0.0000 0.0001;tW 0.0000 O.DOOe,DO 0.0000 O.OOOE+OO 0.0000 

water Plsh #lmdon P’iant lamat Milk R11 PathwAyl* 

Aadio- 

Uuclidn mremfyr Lract. nradyr fcact. nrcnlyr rract. nrsa/yr fract. rmnlyr fract. nromlyr frrct, atenlyr rract * 

~~~~~~ ---p----m 

~rp-241 O.OW~+O~ 0.0000 o.oaoc+t30 o.r~ooo 0.000~~00 0.0~~0 o.~ooc+w 0.0000 O.un5c+w o.o~~a B.WOE+~~O o.0000 l.sesyo9 O.wy 

Ca-13, O.OOO~+OO O.WOO ~O.OOOC+OO 0.0000 O.OOOEtW 0.0000 O.OOPB~W 0.0000 Q.OOOE+OO 0~0000 O.OOOEtOD 0.0000 6.7PSP13 0.0000 

Np-a37 O,QOW+OO 0.0000 O.OODE+W O.OooO O.WOUOD 0.0000 O.OOOEt:*oo 0.0000 O.000~100 0.0000 O.OdOz*OO O.OOOD 6.716C-09 0.0000 

~~-23~ o.odb~4n o.opw 0.050~+00 0.0000 0.~09~00 0.0000 o.oaa~~rm 0.0000 O.CtOOEtW O.DDOO O.OOO~+OO O.OOOD, 6.1302E-09 0.0000 

h-239 D.WOE+OO O.ODOO O.OOOC+OO O.OWO O.OOOEtOO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 0.0001rOo 0.0000 6.69PE-08 0.0000 

F!J-2,o 0.000E,00 0.0600 0.00C+00 0.0000 Q.QOOMW Q.0000 0.000e+Do 0.0000 o.oooE+oo 0.0000 o.ooor3*oo 0.0000 7.936C-11 0.DOOO 

TC4B ~.!JoObrllO O.OWd 0.000~tOP 0.0000 O.OOOCtW 0,OOQD O.tlOOE+OQ O.OODQ O.OOOE+QQ Q.OOW O.OOOEtDD 0.0000 O.QOOC+OO O.DQOQ 

oh-230 a.m~.oo o.own a.00~+00 0.0000 B.ooak+w 0.0000 o.aaot+cm 0.0000 o.ooob+oo 0.oow o.ooo~+oo 0.0000 6.253e-02 0.9901 

U-234 Q.OOOE~D* 0.0000 a.woE+oa o.owo o.oao~+oo 0.0000 o.aooE+W 0.0000 O.OOOE+OO Q.0000 O.QQOB*DO 0.0000 S.llJE-04 D.0091 

U-235 o.tJ00E.00 Q.WDO O.WOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+w O.OOW O.OWX*OO O.WOO Z.iClC-OS D.ODO* 

U-ZJB 0.000~~00 0.0000 0.0000.00 0.0000 o.aa~s+oo o.ooao n.o~o~+w o.awo O.WOEtW 0.11000 O.OOOE+OO O.OOOD 1.0(156-04 O.Oil7 

~~~~~~~~-~----- 

Total O.OOOE+OO a.0000 O.OOO~I+~O 0.0000 O.DOOe+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+W O.OOW O.WOErDO 0.0000 6.315E-02 I.0000 

k3um ti all water indepmdsnr and depandent pathwiiys. 

LANDFILL RESIDENT DOSE 
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1 RssNiD. vwsicn 4.21 mi Llae - 0.4 yur 1W19/20D2 14227 Pape 16 

3umarp : Rkmnn mafault l%lrwetem File: C~~W-FWJJ~DD.RAD 

M-241 3. QOOE+OO 

ce-xi? 3. oeOE+OO 

w-237 3. oooE+oo 

~-239 3. oooE+ao 

su-ZIP 3. oow+oo 

PW24a 3 * oooc+oo 

Tc-99 5.OOOwO2 

Th-23Q t.500E+Ol 

u-294 7.330EtOl 

11-235 3.4ooC+oo 

U-238 ?.UoE+ol 

Totrl Ocsr TOO6Utl, mr~m!yr 

L (yeaxal: n.oQQE+oo I.!low+oo 1.00w+01 3.000MOI 1.oooc*o2 3,ooocbo2 l*POOE+QI 

TDDOBILl i $.69OC-06 9.814C-06 ~.99sE+ol 1.959c-09 3.el9PDe 9,9132*00 2.?nE+QL 

Hlti: 3,276E-07 3.926C-07 2,SbXtOO 7.919E-07 1.529C-06 3,32X-01 2.9140-01 

HJXlmm TwallLI! B.$675+01 mrmm/yr at t - B.48 t 0.02 ywrr 

GKOUlld InhQlatrcn macm Plant s!*rt Hilk 9c.n 

Idalo- 

Nu~lId# n"W,/yr tract. mr8mfyr fcnt. mrm/y; frrCC. nrm/yr iuct. nrdyr irat. mna/yc Lract. mmdyr f rack. 

NUClldS 
~~~~~~ -pm------ 

&r-241 FI.MIE-I4 0.0000 O.O’JOr+OO 0,OOOO O.OOOE+QO 0.0000 O.OOOII+OO 0.0000 0.6001+00 0.0000 Q.OOOE+OO d.OWO O.QOOB*(IO O.OO(10 

En-137 3.218~~lx o.oo*o O.OOotmo 0.0000 o.ooo8lioo (1.0000 0.000e+00 ci.0000 0.000E*aO o.ww o.oooc+oo (1.0000 o.ooomno 0.0000 

up-237 1.954~~06 0.0Lt00 0.0D0Bb00 0.00110 o.oooe+oo 0.0000 0.00011+00 ~.0000 o.o006+QQ o.Dow 0.000e+00 0.0000 o.ooowlo 0.0000 

Pu-13B ,.161E-18 0.0000 O.O(IoE+oo 0.00(10 D.oOOStoo 0.0000 0.0001+00 0.0000 0.000x40 o.ww 0*000E+00 Q.OOOO O.Prloxboo 0.00P0 

pv43g 7.581~43 .~.poot~ 0.000~+00 o.aooo o.ooowa ~.oooo o.oooa+aa 0.0000 o.oooetao 0.0008 ~.f~ooc+oo 0.0000 0.000~00 0.~000 

pu-240 s.914~49 0.00~0 O.QOOE+O~ omao 0.000e+oa 0.0000 o.oooa+oa 0.0000 o.ooas+oo o.oood o.oooc+oo 0.0000 o.ut~ox+oo 0.0000 

TC-$4 f.020~~ts d.0000 o.oone~oo o.oc40 o.ooow30 0.0000 0.0008+00 0.0000 0.0002+00 0.0000 o.oooC+oo 0.~000 ~.noo~~oo 0.0000 

ah-230 k.503~-06 0.0000 0.00ot+o0 0.0000 o.ooo~+oo 0.0000 o.ooo~+ao 0.0000 o.qooa+oq o.ooo? o.cIpM+OO O,.OOOO 0,0000*00 O.ODOO 

U-234 2.9411-10 0.0000 O.DOOWW 0.0000 O.OOOEtOO O.OOW O.OOOEtOO Q.QQOO O.OOQB+OO 0:OOOO O.QQQi+oQ O.QiOO O.~QQk*QQ Q.QQQQ 

u-235 1.573wJ9 0.0000 *.000e+00 cl.cmoo o.oo(Ix+oo 0.0000 0.01105+00 0.0000 0.ooowoo o.oocQ o.OOPE+OO 1).0000 o.oood+oo 0.0000 

U-228 6.0948486 0.0000 O.DOOE+OO a.0000 O.OOOp+OO O.WW O,QQOWOO O.OOW O.OOOS+OD 0.0000 O.OOOEtOO 0.0000 O.DOOE+OQ 0.0000 
~~~~-~-~~ --T-P- 

TOLL1 ~.d)~~cll$ O.OoQO O.OOOE+OQ O.OOM) O.OOOUOO 0.0000 O.OOOZ+OO 0.0000 O.OOoB+OO 0.0000 O.(lOOE+OO 0.0000 0.000~00 0.0000 

FARMER DOSE 



aatmr Dmperd*nt eatnrayr 

--e--7--------- 

~0-241 o.twE*aa 0.0~0 n.000~+~0 0.0000 a.000woo 0.0000 O.~~OE+PO 0.0000 0.0~01+00 o.oooo ~.oooc+~o 0.0000 5,161e-14 0.0000 
c9~iv 0.000~+00 a.obdo o.ooec+ao 0.0000 o.on~~~oo o.ooou o.ooo~~+oo 0.0800 ~.000e+00 0.0000 o,ooowo 0.00~ 3.215~-06 0.0000 
MP-237 0,~00~+00 o.wao o.oooc+oo o.aow o.oooc+oo o.wM o.a9o~t60 o.auno 0.000~0m a.0000 ~.000c+00 0.00~ ~.9s4c-o4 o.ooob 
pu-236 0.000E+00 0.0000 ObOWE+QQ 0.0000 0.000E+00 o,oaoo 0.0wE+oO O*QOOO o.oooE+oa 0.0000 o.oooctoo 0.0000 i,l&lE-16 &PO00 
~,d3~ O.OOOE+~~ 0.0000 o.nooe+oo 0.0000 0.000e+00 0.0000 0.000~+00 0.0~00 o,oooe+oa 0.0000 a,oooc+oo 0.0000 ?.me-13 0.0000 
pu..?m “.aOM+OD o.ooM O.oOoE+00 0.0000 o.oooc+oo 0.0000 o.oooc+oa O.~cm O.OOOLCOO P.0000 Q.nDOEcOO D.BOOQ 4.914~19 0.0000 

Tc-99 9.439CbOL 0.9511 l.?c)lE+W 0.0202 0.00DC100 0.0000 O.OOOC+dO O.WOO 5.1711-02 Il.0006 2.495EtOO 0.0276 -8,iSlStd3 l.PPW 

oh-220 0.0008~00 o.omo o.oooetoo 0.6000 0.~00~+00 0.0000 0.000~+00 o.wdn o.oooz+oo a.aioo o.oow+bo o~ooao 1.503&06 a.uoou 

U-234 O.OOD~LCDO O.OMO O.OOOE+W O.ffOM O.OOOE+00 O.WOil O.ODOE+OO O~.OOOO O.OOONtOO O.aOOO O.DilOE+OO 0.0000 2.941.2-10 0.0000 

U-23s O.WOI3+00 0.0000 D.DOOC+OO 0.0000 O.ODW+O9 0.0001 P.POOc~OO o.WWJ O.oOQE+OIl O.OwO O.OOOE+OO O.OObO^ 1.5&69 o.onnn 

U-23@ Q.ODoE+OO 0.0000 D.DOOE+OO 0.0000 O.OODE+OO 0.0000 D.OWfi+OO O.OWO O.UOW+W O.OWO O.OOOE+OO 8.0000 6.094E-06 0.0000 

~~~-~~-~~------ 

T&al 3.439,WOl 0.9518 1.?916+40 0.0202 (I.ODDE+OO i,.OO(lO O.ODOE+OO II.OPPD 5.17lE-02 0.0006 3.435EWb 0.0275 B.967ErOl l.OiIOO 
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